
���������	��
����� � ����� ����������������������� � � !"��������#$� %&����#�'

(*),+.-/+.0�132�4�5

6,7989:�;=<><@?�AB<DC$<DE9?�FHGJI�7LK=<NMBCJFO<@EL?�PRQ9;=SJ?�T>UD;=<NM�VWTDGJA97XGY<D?Z6,I[E9C\C]K
;=QB^XGJT><D;_GJK`Fa79K=bXK=Kc:�?�Qd<eCYFf<DE9?WTD?�gh79;=TD?�:�?�Qh<

FaC]Te<@EL?ZAL?�i]T>?�?
j C,Ik<@C]TlCJFnm�E9;cK=C]UDCJ^9EdM

;cQB<DE9? j ?�^XGJTo<@:�?�Qd<pCJFnm�EhM\U>;cI�U�q
r Q9AL;_GJQXG$PRQ9;=SJ?�TDU>;=<NM

s 79i]79Uo<utJv]v]w





s I�I�?�^,<@?�AB8dMx<DE9?yV�T@GYA97XGY<D?uz{GJI�79K=<NMJq r QLA9;_GJQ9GZ79QL;=S]?�TD;=U><NM]q\;cQ�^XGJTo<@;cGJKLFa79K|bXKcK=:�?�Qh<�CJF}<@EL?
TD?�gh79;cT>?�:�?�Qd<pFaC]Te<@E9?WA9?�i]TD?�?WCJF j C\I�<DC]TeCJFnm�E9;cK=C]UDC]^LEhMJ~

6,EdM\E,���	7XGJQ���?�?Jq{m�E}~ j ~

� ;=I[EXGJ?�K���?�T>i]?�T�q{m�E�~ j ~
j C,Ik<@C]TDGJK
��C]:�:�;|<D<@?�?
s 79iJ79U><utJ�Y<DE}q�tJv]vJw

6\<D?�SJ?�Q�V�CJ<D<DKc;=?�8}q,m�E}~ j ~

� ;=KcKc;cGJ:�6,I[EXGJ;=I[E}q{m�E}~ j ~

;=;



��C]^dM\TD;ciJEh< I� tYv]v]wx8dM
� ?�;c:�;cQ9i$V�79C

s ����� r VZ�R�R6��R�	6L�����y� j

;=;c;



�����B���Z�&�����#�� ���"��'

r GJ:&i]T@GY<D?�Fa79K�<DC�:�M�GJALS\;cU>?�T�qnm�TDCYFa?�UDU>C]T�6,EdM\E,�.�	7XGYQ���?�?Y~"��M�EL;c: r GJ:�I�7LK=<@;|SYGY<@?�A
<@C�G$?�S]?�T>M\AXG Md�NEXGYTDA,�. �C]T>¡J?�T�q� pE9;=I[E r I�C]:�^9K_GJ;=Q9?�AB;=Q�<DE9?WbXTDUo<¢<N �C�MJ? GJT>U�q�897L<REXG S]?�8`?�?�Q
?�Q¤£>C¤M\;=Q9iBUD;=Q9I�?�<DE9?�Q�~Z�lEL?xTD;ciJEh<uA9;cT>?�Ik<@;cCJQ�GJQ9A�<DE9?x�uGY:�;=K=<@CJQ9;_GJQ�<@EL?�C]ToM¥?�U><[GY89Kc;=UDE9?�A�8hM
E9;=:&GJK=TD?�GJALM�FHGJI�;=Kc;=<@GY<@?Z:�M�A9;cU>UD?�T><[G¦<@;cCJQ� �C]T>¡{~��lE9?x:�?�?k<@;cQLi§ p;=<DE�E9;c:�?�SJ?�T>M� �?�?�¡¥ �GJU
GJK| eG M\U�CYF�E9?�Kc^�FaC]T�<@E9?$A9;|¨�I�79K|<@;c?�U�~��lE9?�:�C]Uo<W;c:�^`CJT><[GYQh<u<@E9;=Q9i r Kc?�GJTDQ9?�A©FaT>C]:�E9;=:&;=U
Q9CJ<u¡hQ9Cª pKc?�ALi]?Jq}8L7L<u<DE9?� �GªM�CJF�ALC];cQ9i�TD?�UD? GYTDI[E©GJQ9A¥<DE9?«U>^9;cT>;=<¢CJF�U><DTD;|S,;=Q9i9~ r Fa?�?�KnKc7LI[¡hM
<@C$EXG SJ?�I[E9CJUD?�Q r Q9A9;cGJQXG$P¢Q9;|S]?�TDUD;|<NMB<@C$Kc?�GJTDQ�GJI�I�?�Kc?�TDGY<@CJTl^9EdM,U>;cI�U�~

r I�C]79K=A"Q9CJ<�EXG S]?ybXQL;cUDEL?�A�:�M�m�E}~ j U><D79ALM§ p;|<@E9CJ7L<�<DE9?yI�CJ:�^XGYQhM�CJF�:�M�I�CJKcKc?�GJi]79?�U�q
^XGJTo<@;=I�79KcGJTDK|M���E\7LQ9i]:�;cQ9i���Eh7}q�¬WGJ:�GJQ¥z{7LQ9i9q�6LGYT@GJE���CJ79UD;=Q9? GJ7�q`�	79Q9¡¦GJ;��EXGJQ9i9q�6,EXGJCY�
E9?�Q9i � GJQ9iLq��	C];=I[E®6LGY<@CLq�¯u;_GJCJ89;_GJC��¢7XGJQLi°GJQLA j GY±�EXGJQLi��R7XGJQ9iL~²��U>^`?�I�;cGJKcK|M��	79Q9¡¦GJ;
�EXGJQLi9q r UDEXGJT>?�ABGYQ§CJ¨�I�?R p;=<DE§E9;=:³FaC]T�<@E9T>?�?¢MJ? GJT>U�~��R;cU�FaTD;c?�Q9A9U>E9;c^§GJQ9A§?�Q9I�CJ79T@GJiJ?�:�?�Qd<
 �GJUuGYK= �GªM\URGxTD?�Kc;c?kFOCJFf<DE9?WU><DTD?�U>U�~

r  �CJ79KcAxGYKcUDC¢Kc;=¡J?�<DC¢<DEXGJQ9¡�m�TDCJF´~ s Kc?¶µ � ~]��EXGYC9q j T�~f¬�;cQ9ip�	79?�Q$·Ri9q j T�~�6h<@?�^LE9?�Qx�«~
� ;=K=<@CJQ}q j T�~ j C]Q9i�¸º¹J?�C]Q}q j T�~ � ?�;}�eGJ;�GJQLA j T�~ s Q9ALTD? GYUu¹]GYQ9UDU>C]Q}~��lE9?�;=TlUD79iJi]?�Uo<@;cCJQ9U
GJQ9A�E9?�Kc^�8`?�Q9?�bL<¢:�?ZGxKcCJ<�~

r Cª �?"U>^`?�I�;cGJK	<DEXGJQ9¡hU�<DC j GJQ°��?�?�¡J?�T�~��R?§TD?�GJA°<DE9TDC]7Li]E�:�M©A9;=UDUD?�T><@GY<@;=C]Q� �C]TDA°8hM
 �C]TDA�GJQ9A�I�C]T>TD?�I�<@?�A�<DE9?Wi]T@GJ:�:�GJT�~

s <RK_GJUo< r  �C]79KcA�K=;c¡J?y<DCx<@EXGJQL¡":�M" p;|Fa?Jq9�l;cGJQ9Kc;��EXGJQ9i9q,FaC]TlE9?�TpI�C]Q9U><@GJQd<RUD79^9^�C]To< ~

;=S



����'f�����«�l�

(*),+.-/+.0�132�4�5

»½¼Z¾n¿¢Àh¼¢Á�Â�Ã´ÄºÅ&Âl¿¢ÄÇÆ�Ä�ÀJÈ,¼yÀdÉW¾OÈ,Ê´Â�Ë�ÊNËÍÌ�ÈLÂ�ÀL¾fÎ�ÄÐÏ°ÊNËuÎ�Ñ

Òy7XGJA9T>79^�C]Kc?":�C\A9?BC]UDI�;cK=K_GY<D;cC]Q�Ó�Ò � ¸WÔ�:�? GYQ9Ux<@E9?BU>?�I�CJQ9A/:�C]:�?�Qd<@U«CYFyG�U>M\Uo<@?�:ÕCJUDI�;=K|�
K_G¦<@;cQLi� p;|<@E¥<D;c:�?Jq�C]T�q�<@E9?«?�KcK=;c^L<D;cI GYK�<@C]T>79UyCJF�<DE9?«�¢GJ:�;cK=<DC]Q9;cGJQ�TDCJ<@GY<@;=Q9i§;=Q¥^9EXGYUD?xUD^9GJI�?Y~
� ?§U><D79ALM©<@E9?"Ò � ¸Ö;cQ°Uo<@C]TDGJi]?�TD;cQLi]U�~ r Q°<@EL?�<@TDGJQ9UoS]?�T>UD?BA9;=TD?�I�<@;=C]Q�<DE9?BÒ � ¸ÖI�GJQ�8�?
?kµ,I�;=<@?�AB8dM"GJQBToF�gh7XGJA9T>79^`CJKc?J~n�lE9?yU><DTD?�Q9iJ<@E�CJF�<@E9?yToF�gh7XGJA9T>79^`CJKc?¢SYGJT>;c?�U� p;=<DE§<@;=:�?YqLGYQ9A
<@EL?�C]U>I�;=KcK_G¦<@;cCJQ¥FaTD?�g\7L?�Q9IkM�×OØÇ:«7LU><Z8`?�I�K=C]UD?x<DC�<N p;=I�?$<@E9?x<@TDGJQ9UoS]?�T>UD?"8�?�<@GY<@T>C]Q©C]UDI�;cKcKcG¦�
<@;=C]QxFaTD?�g\7L?�Q9IkM«×fÙY~n�lEL?¢^�?�To<@79T>8XGY<@;=C]Q$?�gh7XGY<D;cC]Q$;=U	U>C]K=SJ?�A$ p;=<DE$<DE9?¢�uGJ:�;cK|<@C]Q9;cGJQ�:�?�<DE9C\A
GJQ9A� �?ZFaC]79Q9A�<@E9?Z8`?�GJ:ÚU@GY<D;cUobX?�U¢��C]K|<@±�:�GJQ9Q�A9;=U><@T>;c897,<@;cCJQ}~ � G¦<@E9;=?�7¥;=Q9U><@GJ89;=Kc;=<NM§C,I�I�79T>U
 pE9?�Q�t9Ó_×OÙ�Û°Ü¢ÝÞ×fß¶Ôeàá×OØ½àâtLÓã×OÙnä²Ü¢Ý.×nß[ÔkqL pE9?�TD?ZÜ¢Ý�;cU�<DE9?�?�å`?�Ik<@;|S]?WU><DTD?�QLiJ<@E�CJF�<@EL?�T>F
gh7XGJA9T>79^�C]Kc?lGYQ9A«×nß�;=Un<@EL?lTD?�SJC]Kc7,<@;cCJQ«FaTD?�gh79?�Q9I�MJ~ � E9?�Q�GyQ9C]QLKc;cQL? GJTfA9?�<D79Q9;cQLiy<@?�T>:³;=U�;cQ,�
I�K=79A9?�A}q9<@E9?W:«7LK=<@;æ�N^XGYT><@;=I�K=?RUoM\U><@?�:ç p;cKcK`89;=Fa7LTDI G¦<@?WGYFã<D?�Tl^XGJU>UD;=Q9ix<@E9T>C]79i]EB<@EL?W<DE9TD?�UDE9CJKcA9U�~
�lE9?WÒ � ¸ÐI�GJQ"8�?¢A9?k<@?�I�<@?�A�8hM�G«��? GJ:èmfCJUD;=<D;cC]Q � C]Q9;|<@C]T Ó��em � Ô¶q\GJQ9A§<DE9?u?�:�;|<D<[GYQ9I�?RCJF
<@EL?¢8�? GJ:éI�GJQ"8�?¢AL?�TD;|S]?�A�FaTDCJ:ê<@E9?RUD;=i]QXGJK�~n�lE9?¢CJ<@E9?�T�GY^9^9Kc;=I GY<D;cC]QLU�CJF}gh7XGJALTD79^�C]Kc?R:�C,A9?
^�?�T><D79TD89GY<@;=C]Q�;cQ9I�Kc79A9?�:�;cU>:§G¦<@I[EBI�CJTDTD?�I�<D;cC]Q�GJQ9A�UD^L;cQ�TD?�UDC]QXGYQ9I�?ZCªS]?�T>I�C]:�;cQLi9~

r QB<@E9?yK=C]Q9i];|<@79AL;cQXGJKXAL;cTD?�I�<D;cC]Q§SJC]K=<@GJi]?¢:�C\A979KcGY<@;=C]Q�;=Q9A979I�?�URÒ � ¸«~L�lEL?W�uGJ:�;cK|<@C]Q9;cGJQ
EXGJU�<DE9?lU@GJ:�?eFaC]T>:êGJU�<@EL?e<@T@GYQ9U>SJ?�TDU>?uQ9CJQ9Kc;=Q9? GJT�Ò � ¸��uGY:�;=K=<@CJQ9;_GJQ�q¤<DE9?�T>?�FaC]T>?l<@E9?p8�? GJ:
ALM\QXGJ:�;cI�U�GJQ9A�<DE9?x^9T>C]^`?�T><D;c?�UuGJTD?xU>;c:�;cKcGJT�~uÒ � ¸*;=Q�<@E9?�KcC]Q9iJ;=<@7LA9;cQXGYK�A9;cT>?�I�<D;cC]Q¥I GJQ�8�?
79U>?�A�<DCuI�CJ:�^9T>?�U>Uf<@EL?�8979QLI[E«;cQ�U><@CJT@GJi]?	TD;=Q9i]U�~�¸y79TOTD?�UD? GYTDI[ExTD?�UD79K|<@UfUDE9Cª ë<@E9GY<f<DE9?�8L79Q9I[E
I GYQ¥8�?ZI�C]:�^9TD?�UDUD?�A�8dM�G$FHGYI�<@CJTRCYF�t]ìWw�;=Q�^9TDCJ<DC]Q�U><@CJT@GJi]?ZTD;=Q9i]U�~��lE9;=UlFHGJI�<DC]Tp;cUpUD:�GJKcK=?�T
;cQ�?�K=?�I�<DTDC]Q§U><@CJT@GJi]?¢TD;=Q9i]U�AL79?¢<DC«T@GJAL;_GY<D;cC]Q�AXGJ:�^9;cQLi�GJQLA"gh7XGJQd<@79:*íX79Ik<@7XG¦<@;cCJQ}~ s :�C]TD?
?�å`?�Ik<@;|S]?W:�?k<@E9C\A}q,E9Cª �?kS]?�T�q{;cUe79U>;cQ9i$G«E9GJTD:�C]Q9;=IuI G S\;=<NMJ~	��CJ<@EB:�?�<DE9C\A9UlGJT>?�?kµ,^9KcCJTD?�A�;=Q
<@EL?ZU>?�I�C]Q9A¥^9GJT><pCJFO<@EL;cUpA9;cU>UD?�T><[G¦<@;cCJQ}~

S



S\;



î$ï�ð¥ñZò�ð¥ñxó ô�õHõ

ö ÷&øúù�ûêøúù�ü

ýBþdþ]ÿ��������fþ]ÿ õHõ

ýBþ	�
������aÿ�����°ÿ����� ô

ý����������Xþ�� ô�õHõ

� ñ���������ô�ÿ�	��ÿ! "���¤õ#���3õ$� ó%�&�������{ÿ!'"õ(�)��� �
* ~ * �¢;=KcK,+ Ue��gh7XGY<D;cC]Q ~�~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ *
* ~ t �uGJ:�;cK|<@C]Q j M,Q9GJ:�;=I�U s ^9^9K|M,;=Q9ix<@C�GJI�I�?�K=?�TDGY<@C]Tl^LEhM\U>;cI�U©~Z~�~Z~W~�~Z~�~Z~Z~ -
* ~ w ��? GY: j ;cUo<@TD;=897L<D;cC]QBGYQ9A���:�;=<><[GJQLI�?�~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ .

/ 0 ���1�2�Hÿ� ���²ó
���ãô`ÿ 3
t,~ * �l;c:�? j ?�^�?�QLA9?�Qd<umf?�To<@79T>8XGY<D;cC]Q�~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ 4
t,~ t ��GJQ9AXGJ7 j GJ:�^9;=Q9i&~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ * v
t,~ w �yKcGJUDCªSB��gh7XGY<D;cC]Q ~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ *5*
t,~6- ¸y79TR6,C]K=7L<@;=C]Q ~Z~�~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ * w

7 8:9 ����� 9 �;���Hÿ< =�>��ÿ 0 ÿ���� 9 �	���?�¤õ#���@���A��B�ÿ�ñ���������ô�ÿ��C��ÿD =�1�ªõ$��� � 3
wL~ * r Qd<@TDC\A979Ik<@;=C]Q ~Z~Z~�~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ * 4
wL~ t �R?�UDC]Q9GJQ9I�?�6\<DTD?�Q9iJ<@E�CJFn�¢záÒy7XGJA9T>79^�C]Kc?�Uy~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ t *
wL~ w �lE9?Zm�TDC]^�?�To<@;c?�UpCJFf<DE9?Z�uGJ:�;cK|<@C]QL;_GJQ ~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ tJw



ô�õHõ�õ î$ï�ð�ñ�ò�ð�ñ$ó

wL~ wL~ * ��;=Q9? GJT � GY<@E9;=?�7 r Q9Uo<[GJ89;=Kc;|<NMç~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ tJw
wL~ wL~ t ·RC]Q9K=;cQ9?�GJT � GY<DE9;c?�7�;cQ9Uo<[GJ89;=Kc;|<NM ~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ tC-
wL~ wL~ w �lEL?WSYGJK=79?�CJFO<@E9?WQ9CJQ9Kc;=Q9? GJTp�¢GJ:�;cK=<DC]Q9;cGJQ°~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ t5E

wL~6- �uGJ:�;cK|<@C]QL;_GJQ§m�T>C]^�?�T><D;c?�Ul;cQ��R?�i];cCJQ * ~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ t�4
wL~GF ��? GY:$�ÞUD^9K=;=<D<D;cQ9i�;cQ��p?�i];=C]Q�t²~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ wdt
wL~H. ��C]K|<@±�:�GJQ9Q j ;=U><DTD;c8L7L<@;=C]Q";cQ�8�? GJ:Ú~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ wIE

wL~H.L~ * ��? GJ: j ;=U><DTD;c8L7L<@;=C]Q"CJFO<@E9?Z�p;cQ9i$�¢GJ:�;cK=<DC]Q9;cGJQ ~Z~�~Z~W~�~Z~�~Z~Z~ wIE
wL~H.L~ t ��? GJ: j ;=U><DTD;c8L7L<@;=C]Q§FaC]Te<DE9?Z·¢C]Q9K=;cQ9?�GJTl�p;cQ9i$�¢GJ:�;cK=<DC]Q9;cGJQ ~�~Z~Z~ w]�
wL~H.L~ w ��? GJ: j ;=U><DTD;c8L7L<@;=C]Q§FaC]Te<DE9?Z��;=Q9? GYTpmf?�To<@79T>8`?�A��¢GJ:�;=K=<DC]Q9;_GYQè~Z~Z~ w54
wL~H.L~H- ��? GJ: j ;=U><DTD;c8L7L<@;=C]Q§FaC]Te<DE9?Z·¢C]Q9K=;cQ9?�GJTlmO?�T><D79TD8�?�A¥�uGJ:�;cK|<@C]QL;_GJQ�~ - *

J ý��2�2�Hõ�þ5�?�ªõ$�����K��LM'ON 8:9 ����� 9 �;���Hÿ J
P
-9~ * ��:�;|<D<[GYQ9I�? � ?�GJUD7LTD?�:�?�Qd<ú~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ -�E

-9~ * ~ * Òy7XGYA9TD79^�C]K=? � C,AL?Z�OT@GYQ9U>Fa?�T¢zX79QLI�<@;=C]Q ~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ -d�
-9~ * ~ t ��;=Q9? GJTp�¢GJ:�;cK=<DC]Q9;cGJQ ~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ F]t
-9~ * ~ w ·RC]Q9K=;cQ9?�GJTl�uGY:�;=K=<@CJQ9;_GJQ ~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ F5F

-9~ t � ;cU>:§G¦<@I[E���C]:�^`?�Q9U@GY<D;cC]Q�~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ FJ�
-9~ t,~ * � ;cUD:�GY<DI[E�I�C]:�^`?�Q9U@GY<D;cC]QBFaC]TlK=;cQ9?�GJTeUoM,Uo<@?�:�Uê~Z~Z~�~Z~W~�~Z~�~Z~Z~ F�4
-9~ t,~ t � ;cUD:�GY<DI[E�I�C]:�^`?�Q9U@GY<D;cC]Qx?�:�^LKcCªM\;cQ9i�Q9CJQ9Kc;=Q9? GJT � GY<@EL;c?�7$;=Q9U><@GJ89;cKæ�

;|<NM";=UDK_GYQ9A ~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ . *
-9~ w ¸uS]?�T>I�C]:�;cQLi�U>^9;cQ�T>?�UDCJQXGJQ9I�?�Uç~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ .5.

Q 'ONSRT���U�����{ÿV =�>� 9 �$�?�ªõ$��� P%�
F,~ * ��C]K=<@GJi]? � C,A97LK_GY<D;cC]Q�GJQLA���79Q9I[E���CJ:�^9T>?�U>UD;cCJQ ~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ E *
F,~ t �lE9?Z�uGJ:�;cK|<@C]Q j M,Q9GJ:�;=I�Ue p;|<@EB��C]K=<@GJi]? � C,A97LK_GY<D;cC]Q3~Z~Z~�~Z~W~�~Z~�~Z~Z~ EJw
F,~ w ��79Q9I[E���C]:�^9TD?�UDUD;=C]Q�mnGJTDGJ:�?�<@?�TDU ~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ E�.

F,~ wL~ * ��79Q9I[E���CJ:�^9T>?�U>UD;cCJQ�;=Q���K=?�Ik<@TDCJQ�6\<DC]T@GYi]?W�R;=Q9i]U®~�~Z~W~�~Z~�~Z~Z~ EJ�



î$ï�ð¥ñZò�ð¥ñxó õUW
X Y � õ(�)�[ZO� 9 ���aÿ!'ONêî\�hô�õ#�¤õaÿ�]���áî\���^���¤ÿ_�`�a��BOÿDb 9 �OþCB c 7.L~ * r Qd<@TDC\A979Ik<@;=C]Q ~Z~Z~�~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ �]w

.L~ t ��? GY: j M\QXGJ:�;cI�U� p;=<@E�G�6,?�I�C]Q9A��¢zá6\M\Uo<@?�: ~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ �IF
.L~ w ��79Q9I[E���C]:�^9TD?�UDUD;=C]Q�;cQ���Kc?�I�<@T>C]Q�6\<@CJT@GJi]?Z�p;cQ9iJU ~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ �]�
.L~6- ��C]Q9A9;|<@;=C]QBCJF r Q9I�T>? GJU>;cQ9i��fCJ79UDI[E9?�¡���;|Fa?�<D;c:�? ~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ �54
.L~GF �nµ9GY:�^9K=?WGJQ9A�mnGYT><@;=I�K=?Z6,;c:«7LK_GY<D;cC]Q ~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ 4 *

P î\���OþI� 9 � õ#��� 3 Q
ý��2��ÿ���fõUW 31c

ý î\�������Oõ�þ5���eñ��������`Ld�1�	�^�?�¤õ#���2� 313
b bK���#��e��f���2�gZ�õ(�h�&�Yõ#� 9 �¤õ#���@L,���:��B�ÿ�ði������õ$�Oÿ���� 0 ÿ���� 9 �	��ÿ�kjl����õ$�#�&���Oõ#��� �m�7
î ó�õ#�������(�aLd����� b«ÿ��� 0 ����õ#�¤õ#���g =���Oõ#���1� ���1�

bxõ$�2�Hõ$�1�1������B�n ���Q
î 9 ���¦õ�þ 9 � 9 � R�õU���9ÿ ��� 3



W î$ï�ð�ñ�ò�ð�ñ$ó



oqp ó}ñ&ï:N³ñeýOb o ò�ó W�õ

r s ü�ù ÷ut v wyx zfû ü

wL~ * mnGJTDGJ:�?�<@?�TDUpCJFn�¢zOÒ � GY<¢¬W�	¬ ~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ tJv

-9~ * mfC]KcGJTD;=± GY<D;cC]Q§T@GY<D?yFaC]T s V�6 ~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ .54
F,~ * mnGJTDGJ:�?�<@?�TDUlFaC]Tp·R?kµ\<¢��;=Q9? GYTR��C]KcK=;cA9?�T � GJ;=Q j GJ:�^L;cQ9i$�p;cQ9il{ t�4C| ~�~Z~Z~ �]v

.L~ * � ;cQL;c:«79:��p?�K_G¦<@;=SJ?Z6\<@T>?�Q9iY<@E�<@C r Q9I�T>? GJU>?���? GJ:ç��;|Fa?�<@;=:�? ~Z~W~�~Z~�~Z~Z~ 4]v
.L~ t mnGJTDGJ:�?�<@?�TDUpCJFf�e �C��Rz®6hM,Uo<@?�:�UpFaC]Tp·u�O� �¥j � ~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ 4]w



W�õHõ oqp ó}ñ&ï:N³ñeýOb o ò�ó



oqp ó}ñ&ï:N}N p�~ Y '"ò�ó W�õ�õHõ

r s ü�ù ÷ut � s2��� � û ü
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Kc;=Q9?y;cURVWGJ79U>UD;cGJQ�A9;cUo<@TD;=897L<D;cC]QBi];|S]?�Q�8dMO¾�Ó � ÔÎ� * � � t�Ï ³�Ð Á ± Ð�Ñ Ã �¶Ò ÑÓ ~ r Q�<@E9?
UD;=:«79K_G¦<@;cCJQ}q ³ �Ù �ÕÔ Ö ±_×_ØÖ,Ù × Ø ´a�Öw?�H. Åk* v ±_Í q ³ �Ú �ÛÔ Ö,Ù ×_ØÖ ±_× Ø ´]�Út_� � Åg* v ±Æ q
 pE9?�T>?�´a� *:Å¥* v ±Æ : É T@GYA�;=UZ<DE9?§;=Q9;=<D;_GJKf?�:�;=<D<@GJQ9I�?J~�¸u<@E9?�T�^XGYT@GJ:�?�<D?�TDU
GJTD?§�l�Öv?� v]v * w?��Ü¢ÝT�Öv_� v]v * GJQLA¤Ü � * v?�[v]v]v_� ÌIÝ � * �H4 Å¥* v±Þ&� Ì�ß �F_� w Å[* v±Þ ~ ~Z~Z~�~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ - *
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UD;=:«79K_G¦<@;cCJQ}qhGJQ9A"<DE9?�UDC]K=;cA�Kc;cQL?u;cUlVZGJ7LUDUD;cGJQ"A9;=U><DTD;c8L7L<@;=C]Q§i];|S]?�QB8hM�¾�Ó � Ôq�Ýà �dá�Ò Ó Á ± Ð Ñ Ã �¶Ò ÑÓ ~ ³�â C]T ³�ã�ä ;cU§iJ;=S]?�Q38dM3��g{~uÓ�wL~ wIE]Ô¶~ r Q3<DE9?¥U>;c:«79KcGY<@;=C]Q
´�� *TÅ[* v ±ÆåÇæÉ�Ê�Ë�Ì ~Í~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ -5-
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^9KcCY<@U�q¦<@E9?�CJ<@E9?�T�^XGJTDGJ:�?�<@?�TDUnGJTD?�´Î� *2ÅK* v±Æ Ç¥É#Ê�Ë�Ì �ç�£� Ûuv_� v]v * w?��Ü¢Ý;�
v?� v]v * ~y�lEL?�TD?$GYTD? * v,q v]vJv�^XGJTo<@;=I�Kc?�Uu;=Q¥<@E9?xU>;c:«7LK_GY<D;cC]Q�GJQ9A¥<DE9?« p;cA,<@E9UyCYF
<@E9?WUDGJ:�^LKc;cQLi«UDK=CJ<RGJTD?WGYTDC]79QLAV. Å[* v±è�~é~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ -�F
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UD;=:«79K_G¦<@;cCJQ}qhGJQ9A"<DE9?�UDC]K=;cA�Kc;cQL?u;cUlVZGJ7LUDUD;cGJQ"A9;=U><DTD;c8L7L<@;=C]Q§i];|S]?�QB8hM�¾�Ó � Ôq�Ýà �dá�Ò Ó Á ± Ð Ñ Ã �¶Ò ÑÓ ~ ³�â CJT ³�ã ä ;=Uui];|S]?�Q�8hM���g�~�Ó�wL~ wIE]Ô¶~���ÙoÙ«;=U¢ pT>;=<D<D?�Q�;=Q¥<@E9?
^9KcCY<@U�q¦<@E9?�CJ<@E9?�T�^XGJTDGJ:�?�<@?�TDUnGJTD?�´Î� *2ÅK* v±Æ Ç¥É#Ê�Ë�Ì �ç�£� Ûuv_� v]v * w?��Ü¢Ý;�
v?� v]v * ~�~�~Z~�~Z~Z~�~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ -I.
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 �?ZC]8L<@GJ;cQlñ[ß�� w?�H-]vIF Å[* v ±Þ : � GJQ9Aiñ�Ý©�í._�îE Å[* v ±Æ : � ~	·¢CJ<D?Z<DEXGY<¢ñ[ß
GJQ9Alñ�ÝpGJT>?�A9?�b9Q9?�A¥GJUl<N p;cI�?WCJFO<@EL?�zXC]7LTD;c?�TpGJ:�^9Kc;|<@79A9?Y~ ~�~Z~W~�~Z~�~Z~Z~ FC-

-9~ t � � S]?�TDU>79U Ýò Ñ Ø ~çó���Ü¢Ý;� v?� v]v * q1ô?��Ü¢Ýq� v?� vJv]vIF,~ú~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ F5F
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^XGJTDGJ:�?k<@?�T � � ;cUR^9K=CJ<D<D?�A�GYUyG�Fa7LQ9I�<D;cC]Q�CJF Ýò Ñ Ø ~p�lE9?«^XGYT@GJ:�?�<D?�TDU¢GJT>?«Ü¢Ý��
v?� v]v]vIF� p;=<DEV��ÙoÙ¨��v?� Û * v]v?��ÛytJvJv?� Û¢-dv]v?� Û¢�]v]v,qXGJQ9A©Û * v]v]v$:¦± Ý TD?�UD^�?�I¶�
<@;|S]?�K|M�;=Q�A9;|å�?�TD?�Qh<ZUoM,:�8`C]K=U�FaTDC]:�<@E9?�Kc?kFã<>�N:�C]Uo<y<@C�<@E9?$T>;ci]Ed<>�Þ:�CJU>< ~x�lEL?
U><DT@GJ;=i]Ed<WKc;cQL?«;cUWUDELC¤ pQ©<@C�i]79;=A9?x<@E9?$?kM]?�U�~§�lE9?�AXGY<@GB;cUyb9<><@?�A©<@C�C]8L<@GJ;cQ
<@E9?¢8`?�GJ:é?�:�;=<><[GJQLI�?J~n�lE9?u;=Q9^97L<�TD:�U�8�? GJ:é?�:�;|<D<@GJQ9I�?RCJF�GYKcK{UD;=:«79K_G¦<@;cCJQ9U
;cU * Ï��Þ:�:x�N:�T@GJA�q,GYQ9A�<DE9?W8`?k<[GY<DTDC]Q�GJ:�^9K=;=<@7LA9?uFa79Q9Ik<@;=C]Q�;cU * .L~GE«:�~�~Z~Z~ F�.
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-9~GF �lE9?x:�;cUD:�GY<DI[E9?�A�8�? GY:ú?�KcKc;=^9UD?Z p;=<DE!�l�ö��ßWG¦<y<@E9?x;=Q¦£>?�Ik<@;=C]QëÓHvY<@E�<D79TDQ{Ô
;cU�I GJ^L<D79TD?�Aâ8hM3GJQ½T>FWgh7XGYA9TD79^�C]K=?JqRGJQ9A3<DE9?�T>FWgh7XGJALTD79^�C]Kc?¥U><@T>?�Q9iY<@Eâ;cU
GJA9;cGJ8XGY<D;cI GYKcK=Mx<D79TDQL?�A¥CYå�<@C�TD?�Uo<@C]T>?�<@E9?Z:§G¦<@I[E9?�A�8�? GJ: I�C]Q9AL;=<@;=C]Q�GY<p<@E9?
w]v]v]v¤�Þ<@E�<@79T>Q}~��lEL?�8�? GY:ú?�KcKc;=^9UD?«GY<y<@EL? * v]v]v¦�.<@E¥<D79TDQ�;=U�GJK=UDCBUDELC¤ pQ�FaC]T
TD?kFa?�TD?�Q9I�?Y~Õ~�~Z~Z~�~W~Z~�~Z~�~Z~Z~�~Z~�~Z~W~�~Z~Z~�~Z~�~Z~Z~�~Z~W~�~Z~�~Z~Z~ .]v

-9~H. ��?�Fã<&�B�lEL?�;=QdSJGYTD;_GYQh<�<@C]T>;lCJF¢<DE9?BQ9C]QLKc;cQL? GJT � GY<@E9;=?�7®�uGJ:�;cK|<@C]QL;_GJQ© p;=<@E
^XGJTDGJ:�?k<@?�TDU`�:�i��v_� vdt�[Ü¢Ý\�Úv?� vJvIEC-I.�-?�Ä��ÙoÙ§� Û * vJv¥:¦± Ý ~��p;ci]Ed<&�x�lEL?
T@GY<D;cC « ��ï)÷,ø&�C�hï>·úùpGYU�GyFa79QLI�<@;=C]Q$CJF�<@E9?R^9EXGJU>?k�ÞUD^XGJI�?uGYTD? G�CJF`;cQdSYGJT>;_GJQd<�<@CJTD;
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FaC]T¢<DE9?�:�;cU>:§G¦<@I[E9?�A�8`?�GJ:�~y�p;ci]Ed<y^LKcCJ<DU`�RP¢U>;cQ9i"QLC]Q9Kc;=Q9? GYT � G¦<@E9;=?�7�T>?�Uo�
C]QXGJQLI�?B<@C©:§G¦<@I[E²<@E9?�;cQ¦£>?�I�<D?�Aá8`?�GJ: UDELC¤ pQ/;cQë<@E9?�<@CJ^,�NT>;ci]Ed<x^9K=CJ< q� �?
bXQ9A�<@EXG¦<l<@E9?Z8`?�GJ: ?�:�;|<D<@GJQ9I�?�;=Up^9TD?�UD?�ToS]?�A�GY<Rw]v]vJv¦�Þ<DE�<D79TDQ�?�SJ?�Q�;cQB<@E9?
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6,7989Uo<@;|<@7L<D;cQ9i$;cQd<DC��R;cK=K,+ U�?�gh7XG¦<@;cCJQ}qXC]Q9?WC]8L<@GJ;cQLUQS T t¤×uÓ�G¤Ô � �uÓ�G¤Ô � ä�×uÓ�G¤Ô�� � � � v
×uÓ�G¤Ô � � äFE²Ó�G¤ÔN×uÓ�G¦ÔOÛ°×uÓ�G¤Ô�Ó#�yÓ�G¦Ô � Ô � � v � Ó * ~îEJÔ
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�lE9?ebXT>U><�?�gh7XGY<@;=C]QxCJF¥Ó * ~îE]Ô�I GJQx8�?eT>?� pTD;|<D<D?�Q$GJUpÓ_× � Ó�G¦Ô¿� � Ô � ��vLqJC]T�q5� � × � Ó�G¤Ô;�í�gfihjG&� Ë h��¶~
�lE9?�UDC]K=7L<@;=C]Q�;=U�Q9CJ<fI[EXGJQ9i]?�A«;=F, �?�:«79K=<D;c^9K|MR×uÓ�G¤Ô�8dM�GRI�C]Q9Uo<[GJQd< ~n�lE9?�T>?�FaC]T>?� �?�I GYQ«A9?�b9Q9?
� � � * �¤× � Ó�G¤ÔkqXGJQLA�<DE9?WUD?�I�C]Q9A�?�gh7XGY<D;cC]Q�CJF Ó * ~îEJÔ�8`?�I�C]:�?�U

×uÓ�G¤Ô � � äFE²Ó�G¤ÔN×uÓ�G¤ÔnÛ * �¤×uÓ�G¦Ô � ��v?� Ó * ~ �]Ô
s K|<@E9C]7Li]Ey �?�Uo<@;cK=KJA9CJQ
+ <�¡hQ9Cª ©×uÓ�G¤Ô�FaC]T�GYQhMy^XGJT><D;cI�79K_GJTkE²Ó�G¤Ôkqª �?�C]8L<[GY;cQy<@EL?�;c:�^`C]To<[GJQd<

TD?�K_GY<D;cC]Q�8�?�<N �?�?�Q²<DE9?�C]UDI�;cKcKcGY<@;=C]Q�GJ:�^9Kc;|<@79AL?�×uÓ�G¤ÔZGYQ9A�<DE9?§^9E9GJUD?�I[EXGJQ9i];=Q9i�T@GY<D?�� � qnU>C
 �?x¡\QLC¤  E9Cª Ç<@CBA9?�UDI�TD;c8�?�<DE9?«:�CJ<@;=C]Q¥;=Q�U><DC]T@GJiJ?«TD;=Q9i]U�~ j ?�bXQ9;=Q9i§<DE9?$��C]79TDGJQd<>�´6,QdM,AL?�T
^XGJTDGJ:�?�<@?�TDU¢�Î�ml©�on�GJU QRRRS RRRT l � × �

� � ÛWl � �]tn � Ý Ù p Ñq � Ó * ~G4]Ô
C]Q9?Wi]?k<@Ul<@EL?ZiJ?�Q9?�T@GJK�U>C]Kc7L<D;cC]QBCYF��R;cKcK(+ U�?�gh7XGY<D;cC]Q

Ý Ó�G¤Ôç�ÿ� Ô l9ÙJÓ�G¤ÔLI�C]U Ó$�OÙdÓ�G¦Ô�äsr�Ù�Ô�� Ó * ~ * vdÔ
 pE9?�TD?T�fÙ]Ó�G¤Ô;�Dt �ß u �q ä 1 � 2 q{GJQLAvl�U@GY<D;cUobX?�U

*
t l � � äFE	l¥Û *l { * ä Ó l �t Ô � |�� v_�@C]TM� � �
E	l¥Û *l Ó * ä@� � Ôë� Ó * ~ *5* Ô

s i]GJ;cQB;|Ff �?�GYUDUD7L:�?�<@EL?Z;=Q9;=<D;_GJK{I�C]Q9A9;|<@;cCJQ�G¦<p^`C]U>;=<D;cC]QvGYÝ�;cU�Ó Ý ÝÄ� Ý �Ý Ôkq9<DE9?�Q�GY<p^�C]UD;|<@;=C]QvG �]^ Ý �Ý ��
_` � ]^ Ô q Ñq Ø ÓaI�C]U1��ä@��Ý,U>;cQ���Ô � l�Ýwl � U>;cQ��

Û Ý Ù p Ø p Ñà q Ø q Ñ UD;=Q���äxp Ø ± p Ñà q Ø q Ñ I�CJU�� Ô q Øq Ñ ÓHI�C]U���Û¯� � U>;cQ���Ô
_` ]^ Ý Ý

Ý �Ý
_` � Ó * ~ * t]Ô

 pE9?�TD? �@�®�yÓ�G � Ô{Û¦�uÓ�GYÝDÔ�;cU�<@E9?R^9EXGYUD?yGYALSYGJQ9I�?Y~ s I�I�C]T>A9;cQ9iW<@C�znK=C,gh79?k<&+ U	<DE9?�C]T>?�:�q\GYFã<@?�T
G¥^�?�T>;cC\A9;cI$Kc?�Q9iJ<DE��/×uÓ�G¢äya	Ô]��×uÓ�G¤Ô¶qç��Ý��zl�Ýë�mnXÝW?�g\79GJKcU]� � �zl � �mn � TD?�UD^�?�Ik<@;=SJ?�K|M]~ r Fl �?
A9?�Q9CJ<@?"<DE9?�U>?BFa79Q9I�<D;cC]QLUx8hM[�Î�zlq�mn/GJQ9AëAL?�Q9CJ<D?|{èGJU�<@E9?B^9E9GJUD?�GJALSYGJQLI�?Jq�<@EL?"<@T@GYQ9U>Fa?�T
:�GY<@T>;|µ§I GJQ�8`?� pT>;=<D<D?�Q�GJU} Ó�GYÝ�ä�a�~�GYÝ>Ôq� ]^ I�C]U�{©äg��U>;cQW{ lZUD;cQW{

Û�nuUD;=Q�{ I�C]U�{áÛ¯��U>;cQ�{ _` � Ó * ~ * wdÔ
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·¢CY<@;cI�?y<@EXG¦<R<DE9?�<@TDGJQ9U>Fa?�Tl:§G¦<@TD;æµ";=Q���g{~fÓ * ~ * tJÔ�I GJQ�8�?W pT>;=<><@?�Q�GJU

} Ó�G � ~�GYÝ>Ôq� ]^ � l � v
Û�p Ñà q Ñ Ýà q Ñ

_` ]^ I�C]U�� UD;=QM�
Û�U>;cQM� I�CJU��

_` ]^ Ýà q Ø vp Øà q Ø � l�Ý _` � Ó * ~ * -hÔ
 pE9;=I[E�U>79i]i]?�U><@U	;=F� �?R<DT@GJQ9UoFa?�T�<@EL?R^LEXGJUD?RUD^9GJI�?pI�C\C]T>A9;cQXG¦<@?�U¢Ó Ý � Ý � Ôn;cQd<@CWU>C]:�?pQ9CJTD:�GJKc;=±�?�A
^9EXGYUD?�UD^XGJI�?�I�C,CJTDA9;=QXGY<@?�U�q�<@EL?�Q�<@E9?�^XGJTo<@;cI�Kc?«:�CJ<D;cC]Q�;=Q©^LEXGJUD?�UD^9GJI�?�;cU�£>79Uo<�I�C,CJTDA9;=QXGY<@?
TDCY<[GY<D;cC]Q}~ s Q9A²<@EL;cUx;cU� pEXGY<$ �?�GJT>?�i]C];cQLi¥<@C�A9C�;cQë<DE9?�Q9?kµ\<�UD?�I�<@;=C]Q}~ë�lE9?�8XGYUD;cI�UxCJF
I GYQ9C]Q9;=I GJK�<DT@GJQLU>FaC]T>:§GY<D;cC]QBI�GJQ�8`?�FaC]7LQ9A�;=Q s ^9^�?�Q9AL;|µ s ~

;=<�� ? ��� � ������ ��������� � �¢' ��
�
��������# �n� �«�R�R��������������


\����'����¢'

�lE9?��¢;=KcK,+ U�?�gh7XGY<@;=C]Q�I GJQ�8�?ZAL?�TD;|S]?�A�FaT>C]: <@EL?WFaCJKcKcCª p;=Q9ix�uGY:�;=K=<@CJQ9;_GJQ

��� *
t Ý � � ä *

t E²Ó�G¦Ô Ý � Ó * ~ * F]Ô
zXTDC]: ��g�~fÓ * ~ * vdÔ�C]Q9?WC]8,<[GJ;=Q9U

Ý � � l �tJl � « l�I�C]U1��Û *l � « lZUD;=Q��@�ºÛ Ýl Óa<[GYQ¢�°Û l �t Ô�� Ó * ~ * .dÔ
�lE9;=URU>79i]i]?�U><DUuGxi]?�Q9?�TDGY<@;=Q9ixFa79Q9I�<D;cC]Q� Ý�Ó Ý �å��Ô;�"� Ù

ß Ý � Ì�Ý �ºÛ Ý �tJl Óa<[GYQ¢�°Û l �t Ô�� Ó * ~ * E]Ô
E9?�Q9I�?W<@E9?WI�C]Q¦£>79idG¦<@?ZGJI�<D;cC]Q"SYGJT>;_GJ8LKc?y;=U

ªV� Û M � ÝM�� � Ý �
til U>?�I � �@� *

til { Ý � ä�Ó-l Ý � äg� Ý Ô � |(� Ó * ~ * �dÔ
GJQ9A�<@EL?ZQL?�  �¢GJ:�;cK=<DC]Q9;cGJQ§;=Uli];=SJ?�Q�8hM��u�ÿ�èä M � ÝM�G � Ó * ~ * 4dÔ



��P½/ ji���°õ(�U�����gZ�n)�)����õHþI�xý������Un�õ$���A���^�Xþdþ]ÿ�aÿ��	�_���1�§�2B�n)� õHþI� Q
�¢Cª �?�SJ?�T�q M � ÝM�G � Ý �

tJl � l � Óã<[GJQM��Û�l � �]t]Ô�ä l � �-�l Ý � � Ó * ~ tJvdÔ
GJQ9A�Q9CJ<D;cI�?y<@EXGY<

*
t Ý � � � Ý �

tJl � ÓHUD?�I � �ëÛ * Ûsl � <[GJQM��ä l � �- Ô�� Ó * ~ t * Ô
�lE9?�TD?�FaCJTD?

�èä M � ÝM�G � Ý �
tJl � Ó-E	l � ä *

t l�l � � äáU>?�I � ��Û * Û l � �- Ôë� Ó * ~ t]t]Ô
zXTDC]: ��g�~fÓ * ~ *�* Ôkq\ �?Z¡hQ9Cª  E	l � ä *

t l�l � � Û l � �- Û * � v?� Ó * ~ tJwdÔ
�¢?�Q9I�?WbXQXGYKcK=M�C]Q9?WC]8,<[GJ;=Q9U ��u� Ý �

tJl � UD?�I � �@� ªl � Ó * ~ tC-hÔ
� ?�E9GªSJ?�QLC¤  <@TDGJQ9U>FaCJTD:�?�A�<@E9?��uGY:�;=K=<@CJQ9;_GJQ�FaTDCJ: Ó Ý � Ý � Ôy^9E9GJUD?$UD^9GJI�?$<@C�GJIk<@;cCJQ,�´GJQLi]Kc?
^9EXGYUD?ZUD^XGJI�?J~��lE9?��uGJ:�;cK|<@C]Q§��g\79GY<@;=C]Q9URGJTD?QS T � � � �N��� Â � Ýq 1 � 2ª � � Û � ��� ü � v � Ó * ~ t5F]Ô
�lE9?�TD?�FaCJTD?¡ª�;=URGJQ�;=QdSJGYTD;_GYQh<�~	·¢CJ<D? �� Uo<@;cK=K}A9?�^`?�Q9A9UuCJQ	G�8�?�I�GJ79U>?�l�Ó�G¤Ô�;=URQLCJ<RI�C]Q9Uo<[GJQd<�~
6,C]:�?�<D;c:�?�U	;=<�;cU�79UD?kFa79K`<DC«EXG S]?�G�I�C]Q9Uo<[GJQd<p�¢GJ:�;cK=<DC]Q9;cGJQ}~ � ;=<DE�<@EL?yi]?�QL?�T@G¦<@;cQLi�Fa79Q9Ik<@;=C]Q� � Ó#�¨�å�,Ô;�êÓ#��Û � �

ß
Ì Gl ä¥ìªÙ��JÔ��1� Ó * ~ t�.dÔ

 pE9?�TD?:ì¤Ù\� Ý�dá t �(Ù ×� u �q ä 1 � 2 ;cUu<DE9?�<@7LQ9?xCJF�<@EL?xU><@CJT@GJi]?�TD;cQLi9q}GJQLA�Ü�;cUR<@E9?�I�;cT>I�79:$Fa?�T>?�Q9I�?
CJFO<@E9?WT>;cQ9i9~��lEL?ZQL?�  I�C]Q¦£>79idG¦<@?�I�C\C]T>A9;cQXG¦<@?�UZÓ�{ �å�,ÔlGJTD?{¥�ÿ��Û � �

ß
Ì Gl ägì¤Ù)�_� �¡�=ª?� Ó * ~ t5E]Ô



X ��P ñ������2�kô`ÿ��	��ÿD =���¤õ#���/õ$� ó%�&�������{ÿ!'"õ(�)���
GJQ9A�<@E9?�Q9?� º�¢GJ:�;=K=<DC]Q9;_GYQB8`?�I�C]:�?�U��� �öìªÙ`�_�+�«~¢��EXGJQLi];cQ9i�<@E9?Z<@;=:�?ZI�C\C]TDAL;cQXGY<D?�FaTDC]:GW<DC��\qL<@EL?ZQL?� Ç�¢GJ:�;=K=<DC]Q9;_GYQ§;cUlT>?k�ÞUDI GYKc?�A�GJQ9A�8�?�I�C]:�?�U����íìªÙ`�1� Ó * ~ tJ�dÔ

zXTDC]: ��g{~fÓ * ~ * �]ÔkqL �?�bXQ9A

Ý � « tJl;ª�I�C]U��¢� Ý � � Û tªl ÓHUD;=Q���äg�«I�C]U���Ô�� Ó * ~ t�4dÔ
 pE9?�TD?�<�ºÛWl � �Jt,~�6\C]:�?k<@;=:�?�UO;|<�;cU�:�C]TD?�I�CJQhSJ?�Q9;=?�Qd<�<DC¢A9?kbXQ9?	<@E9?	Q9C]T>:§GJK=;c±�?�AWI�C]Q¤£>79idGY<D?
^9EXGYUD?k�ÞUD^XGYI�?ZI�C\C]TDA9;=QXGY<D?�Ó(�q�Ä�OÙ�ÔeGJU

�S� « tJl;ª�I�C]U��¢� �OÙ¢� Û « tJl;ª�U>;cQ��¢� Ó * ~ w]vdÔ
s ^XGJT><D;cI�Kc?l<@TDG¤£>?�Ik<@C]ToM�;=Q�Ó$�©�Ä��Ù�Ô�^9E9GJUD?¢UD^XGJI�?y;cU	GZI�;cT>I�K=?R p;|<@E§TDGJA9;=79U � tJl;ªn~�·¢Cª ½<@EXG¦<�l
;cU¢G�I�C]Q9Uo<[GJQd<WGY<¢C]Q9?�KcC\I GY<D;cC]Q�q
ª�EXGJUR<@E9?�:�?�GJQ9;=Q9i�CYF�<@E9?�UDgh7XGJT>?«CJF�<DE9?�TDGJA9;=79U¢AL;=S\;cA9?�A
8dM�tJl�~��nµ,^9TD?�UDUD;=Q9iiª©;=Q�<D?�T>:�UlCJF Ý GJQLA Ý � qXCJQ9?�i]?�<DU

Ü�Ó Ý � Ý � Ô©� *l { Ý � ä�Ó(� Ý ä�l Ý � Ô � |���n Ý � ä/t�� Ý_Ý � ä�l Ý � � �Ðt�ª?� Ó * ~ w * Ô
�lE9;=UR;=Q9A9;=I GY<D?�Ul<@E9?W<@TDG¤£>?�Ik<@C]ToM�CJFf^XGJT><D;cI�Kc?�:�CJ<@;=C]Q" p;=<DE�;=Q9;=<D;_GJK`I�C]Q9AL;=<@;=C]Q©Ó Ý ß&� Ý �ß Ô�FaC]KcK=C¤ pU
GJQ�?�K=Kc;c^LUD?yA9?�UDI�TD;c8�?�A�8dM�Ü§Ó Ý � Ý � Ôq� tª�~ s QLA�<@EL?Z^LEXGJUD?ZUD^9GJI�?Z?�Q9I�KcC]U>?�A�8hM§<@E9?Z?�K=Kc;c^LUD?y;=U
?�gh7XGYK�<DC"t�Ïçª�q9 pE9;=I[E¥;=UpG�I�C]Q9U><@GJQd<u;=Q9A9?�^`?�Q9A9?�Qd<¢CJF�K=C,I�GY<@;=C]QvG]~�zXT>C]:�<DE9;cUl �?�GJT>?Wi]C];cQLi
<@C$A9?�TD;|S]?�<@E9?WI�C]Q9I�?�^L<¢CJFn?�:�;|<D<@GJQ9I�?�;=QB<@E9?WQ9?¶µ,<RU>?�I�<D;cC]Q�~

;=<�� � �u�«� �Í� 'f����� ���¥������� �«��� AÐ� ���n�n�«���p�

P¢U>7XGJK=K=MB<@EL?�TD?�GJTD?�G§K_GYTDi]?WQh79:«8�?�T¢CJF�^XGJTo<@;cI�Kc?�UR;=Q¥C]QL?�8979QLI[E}~�zXC]TR?kµLGJ:�^9Kc?Yq s * ~H.§: s
8979QLI[E� p;=<@E©<@E9?�TD?kS]C]K=7L<@;=C]Q�FaT>?�gh79?�Q9I�M�CJF * } �	 ¥EXGJU * v ÝHß 79Q9;=<�I[EXGJT>i]?§^9GJT><D;cI�K=?�U�~B�lE9?
^XGJTo<@;=I�Kc?�U�GYTD?RA9;cUo<@TD;=897L<D?�A§;=Q§^9E9GJUD?¢UD^XGJI�?J~��lE9?ug\79GJKc;|<NM$CJF�<DE9?u8�? GJ:*A9?�^`?�Q9A9UeCJQ§^XGJTo<@;=I�Kc?
A9;=U><@T>;c897,<@;cCJQ}~�¸yQ°<@E9?�CJ<@EL?�T�E9GJQ9A°<DE9?"^XGJTo<@;=I�Kc?$A9;=U><DTD;c8L7L<@;=C]Q°GYKcUDC¥GYå`?�I�<DU�<@EL?§I�CJKcKc?�I�<D;=S]?
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:�CJ<@;=C]QBCJFn<DE9?W8`?�GJ:�~ s UR �?ZU><[G¦<@?�A�;cQB<@EL?ZbXT>U><RUD?�I�<D;cC]Q}qX<DE9?W^9EXGJU>?�U>^XGJI�?�GJT>? G$?�Q9I�KcC]U>?�A
8dMx<@E9?p<@TDGJI�?RCJF`C]Q9?R^XGJTo<@;cI�Kc?l;=U	^LTD?�U>?�ToS]?�A§;cQ�I GJU>?¢CJF�Kc;=Q9? GJT�:�CJ<D;cC]Q}~ � ?R7LUD?u?�:�;|<D<@GJQ9I�?e<DC
A9?�UDI�T>;c8�?�<@EL?�gh7XGJK=;=<NM�CJF�<DE9?«8�? GJ:�~¢�lEL?«^9EdM\UD;cI�GJKn:�? GYQ9;cQ9i�CJF�?�:�;|<D<[GYQ9I�?�;cUp<@E9?xG SJ?�T@GYi]?
GJT>? G�CYFlGJK=K�^XGJT><D;cI�Kc?�UZ;cQ©^9EXGYUD?§U>^XGJI�?J~�zXC]T�?¶µLGJ:�^LKc?Jq�<@EL?�?�:�;|<D<[GYQ9I�?�CJFlG�8979Q9I[E� p;|<@E�G
Q9C]T>:§GYKc;c±�?�ABA9;=U><DTD;c8L7L<@;=C]Q§Fa79Q9Ik<@;=C]Q¦¾�Ó¿ª_�å�eÔe;=Uli];=SJ?�Q�8hM

´Î� � �dáß Ì � ��¡ß Ì ª2ª
¾�Ó¿ª_�å��Ô�� Ó * ~ wdt]Ô
r Fn<DE9?WA9;cUo<@T>;c897L<D;cC]Q§;cURVWGJ79UDU>;_GJQ�q9QXGJ:�?�K|M

¾�Ó¶ª?�È�eÔq� *
t	Ï>´Dß Á ±?ÂÄÃ

À � � Ó * ~ w]wdÔ
<@EL?�Q�<@EL?BGJTD?�G¥?�QLI�KcCJUD?�Aë8dM°C]Q9?"^XGYT><@;=I�K=?�;=Uxt	Ïçªnq�GJQ9A�<DE9?§;=Qd<@?�iJT@GJK	;cQë��g{~lÓ * ~ wdt]ÔZ;=UK´Dßª~
�lE9?�TD?�FaCJTD?¢<DE9?u?�:�;|<D<@GJQ9I�?p?�g\79GJKcU�t	Ï¥<D;c:�?�U�<@EL?yG S]?�T@GJi]?¢CJF�<DE9?yGYI�<@;=C]Q}~�6\<[GY<D;cUo<@;cI�GJKcK|M�<DE9?�T>?
;cU$GYQ9CJ<@EL?�Tx eG M�<DC�I GJK=I�79KcGY<@?"<DE9?B?�:�;=<><[GJQ9I�?Jq	;.~ ?J~|q�8hM²I�GJKcI�79K_G¦<@;cQLi¥<@E9?�:�C]:�?�Qd<@UxCJFR<@EL?
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��?�<�¾�Ó¿ª_��{ �È�>Ôq��¾dß¦Ó¶ª�Ô9äD¾LÝ�Ó¿ª_��{ �È�>Ô;�ÿ¾dß¦Ó¶ª�Ô9ä	Á�Ó¿ª�Ô Á � 1ÃÂ ± ¼ ° 2 q\UD7989Uo<@;|<@7L<D;cQ9i�;cQd<@C���g�~}Ó.t,~ *5* Ô
GJQ9A�¡J?�?�^9;=Q9i�C]Q9K=M�<@E9?�bXT>U><RC]T>A9?�Tl<@?�TD:¥Ó�GJU>UD79:�;cQLi s GYQ9A¦¾LÝpGJT>?�UD:�GJKcK_ÔkqLCJQ9?�i]?�<DUM�¾LÝM�� äë×fß M�¾LÝM�{ Û¤�=¾ tª

×fß UD;=Q�{ Á ± �½¼ ° M1¾dßM
ª ��v?� Ó.t,~ * wdÔ
C]T

ÛWÄa×ÅÁ�Ó¿ª�Ô�äFÄH×fßzÁ�Ó¿ª�ÔfÛ¤�¿¾ t�ª
×fß
* Û Á ± � � Â

tJÄ M�¾dßM
ª � v?� Ó.t,~ * -hÔ



/jP J ï 9 ��ó%��� 9 �¤õ$��� �7
s SJ?�TDGJi];cQLi�CªSJ?�TK{âM\;c?�KcA9U Á�Ó¿ª�Ôç� *

×�Û°×fß
�
t ¾ tª

×fß
M�¾dßM
ª � Ó.t,~ * F]Ô

�lE9?�TD?�FaCJTD?W<@E9?WA9;=U><@T>;c897,<@;cCJQ"79Q9A9?�T¢^�?�To<@79T>8XGY<D;cC]QB8�?�I�C]:�?�U
¾�Ó¿ª_��{ �È�>Ôq�ÿ¾dß¦Ó¶ª�Ô�ä *

×�Û°×fß
�
t ¾ tª

×fß
M�¾dßM>ª Á � 1ÃÂ ± ¼ ° 2 � Ó.t,~ * .dÔ

QXGJ:�?�K|M]qX<@EL?�A9;=U><@T>;c897,<@;cCJQ�Fa79QLI�<@;=C]Q¥E9GJUyG�UD:�GJKcK�FaT@GYI�<@;=C]QXGJK}<D;c:�?WA9?�^�?�Q9AL?�Qd<�<@?�TD:�~¢�RCª e�
?�SJ?�T�qX;cQ":�C]U><�I GJU>?�U�qX?�UD^�?�I�;_GJK=K=M$;=Q"A9;c^�C]K=?u:�C,A9?¢^`?�T><D79TD8XG¦<@;cCJQ}q_¾LÝyÓaC]T�Á�Ó¿ª�ÔDÔ�;cU�QLCJ<lUD:�GJK=K.~
�lE9?�TD?�FaCJTD?Jqh<@EL;cU	:�?k<@E9C\A$EXGJU�<@E9?RKc;=:�;|<[GY<D;cC]QZ<@EXGY<	;|<� �C]T>¡hU�C]Q9K|Mx;cQ�UDCJ:�?p^XGJTo<@;=I�79KcGJT�I GYUD?�U�~
r Q�<@E9?�Q9?kµ\<�UD?�I�<@;=C]Q�<@E9?��uGY:�;=K=<@CJQ9;_GJQ�:�?k<@E9C\A� p;cKcKf8`?$A9;=UDI�79UDU>?�AëGJQLA�C]7LT�GY^9^9TDC]GJI[E©<DC
<@EL?Z^9GJT><D;cI�K=?yA9;=U><@T>;c897,<@;cCJQ" p;cKcK�GJKcU>C$8`?W;cQd<DTDC\A979I�?�A}~

�#<wÆ Ç ��� !B�� �¥�������

��gh7XGY<@;=C]Q Ó�t,~ tJÔ�I GJQ�8`?WA9?�TD;|S]?�A�FaTDCJ:�<@EL?WFaCJKcKcCª p;=Q9ix�uGY:�;=K=<@CJQ9;_GJQ
��� *

t � � � ä *
t × �ß � � Û¤� � U>;cQ�Ó_×q��ä���ß¶Ô Ó.t,~ * E]Ô

� ;=<DEB<@E9?Wi]?�Q9?�TDGY<@;=Q9ixFa79Q9I�<D;cC]Q � Ý�Ó � ��ÈWÔ;� Û Ý� ×fß � � <@GJQ�È«qX;.~ ?J~|q9Kc?k<D<D;cQ9iQS T � � Ô � Â¼ � I�CJU�È��� � Û � tª�×nßXU>;cQWÈ �
C]Q9?WC]8,<[GJ;=Q9Ue<@E9?WQ9?k  �¢GJ:�;=K=<DC]Q9;_GYQ§;cQ�GJIk<@;=C]Q�GJQ9i]K=?y^9EXGJU>?�U>^XGJI�?�� � ×fß`ª�Û¤� ¾ tª

×fß I�CJU�È©UD;=Q�Ó_×q��ä���ß¶Ô
� ×fß`ª�Û �

t ¾ tª
×fß { UD;=Q�Ó�È®äë×q�}ä��{ß¶ÔnÛëUD;=Q�Ó�È½Û°×q�nÛs��ßkÔ¿|(�

� E9?�Q�×ëì ×nß�q9;ci]QLC]TD;=Q9i«<@E9?�FHGJUo<pC]UDI�;cK=K_GY<D;cC]Q§<D?�T>:�q9CJQ9?�i]?�<DU��ÊÉ ×fß`ª�ä �
t ¾ tª

×fß UD;=Q�Ó�ÈâÛ°×q�nÛs��ß¶Ôë� Ó.t,~ * �dÔ
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·¢CY<@?«<@EL?$FHGYU><WC]U>I�;cK=K_GY<D;cC]Q�<@?�TD:�A9C\?�U>Q
+ <�G¦å�?�I�<�<@EL?$b9QXGJK�?�g\7L;cKc;=89TD;=79:ÚA9;cUo<@T>;c897L<D;cC]Q�~«zX79To�
<@EL?�TD:�C]T>?Jq�<@E9?�U>M\Uo<@?�: I�GJQ
+ <�i]?k<Z?�Q9?�TDiJM�FaT>C]:&<@EL;cU�<@?�TD: 8�?�I GY79UD?�;=<W;cUW;=Q9I�C]EL?�TD?�Qd< ~"��U´�
UD?�Qd<@;_GYKcK=M�<@EL;cUp;cUlA97L?W<DC��OGYQ9AXGJ7 j GJ:�^9;cQ9iL~

� ;=<DE�<DE9?Wi]?�QL?�T@G¦<@;cQLi$Fa7LQ9I�<D;cC]Q� � Ó�ÈK�å�,Ô;� Ó�È Û°×q�OÛF�{ß¶Ô��1� Ó.t,~ * 4dÔ
<@EL?��¢GJ:�;cK=<DC]Q9;cGJQ§;=UpGJidGJ;=Q"<@T@GYQ9U>FaC]T>:�?�AB<@C$<@E9?WTD?�UDC]Q9GJQ9I�?WT>CJ<[GY<D;cQ9i«FaTDGJ:�?WGJUË�����	�yä �

t ¾ tC�
×nß U>;cQ�{ � Ó.t,~ tJvdÔ

 pE9?�TD?\���â×fß�Û°×R~��lE9?�bLµ,?�A¥^�C];=Qh<DUpGJTD?Wi];|S]?�Q�8dM»�¡�ºÛ M Ë�M�{ ��v?� GJQ9A »{¥� M Ë�M�� ��v?� Ó.t,~ t * Ô
C]T�{�Ì ã � á � GJQLAi��Ì ã � À Ñè Ö Ñ ¼ � q9 pEL;cI[E�;cUe<@EL?ZCJQ9K=M�bLµ,?�A¥^�C];=Qh<RGYQ9A�;cUpU><@GJ89Kc?Y~

·¢CJ<D?Z<DE9?Z�uGJ:�;cK|<@C]QL;_GJQ�;cQ���g{~fÓ.t\~ tJv]Ô�;cUl<@;=:�?¶�N;cQLA9?�^�?�Q9AL?�Qd< ~ r <RA9?�U>I�T>;c8�?�UyGxEXGYTD:�C]Q9;cI
C]U>I�;cK=K_GY<DC]T�qh pE9;=I[E�;=UlC]8dS,;=C]79Up;=F� �?�K=?�<QS T � � Ô �0ÍÖ I�C]U�{

� � Û � tC��fU>;cQ�{ �
Q9CJ<D?�<@E9?ZGJ8�CªS]?WTD?�K_GY<D;cC]QBI�GJQ¥GYKcUDCx8�?WA9?�T>;=SJ?�A�FaT>C]:�<DE9?Wi]?�QL?�T@G¦<@;cQLi$Fa7LQ9I�<D;cC]Q� Ý�Ó(�q��{lÔq� Û *t �	� � <[GJQW{ � Ó.t,~ t]t]Ô
�lE9?��uGJ:�;cK|<@C]QL;_GJQ�8`?�I�C]:�?�U�� � *

t � � ä *
t � � � � Û �

t ¾ *�ª×fß �
� *

t Ó$��Û �
t ¾ *� ×fß Ô � Û � �

�5� ×fß ä *
t � � � � �

s i]GJ;cQ�79UD;=Q9i�<DE9?�i]?�Q9?�TDGY<@;=Q9i�Fa7LQ9I�<D;cC]Q � � Ó(����{lÔ�� Ý� Ö Ó$�ÐÛÎÀ � Ô ÝÖ ¼ � Ô � I�CJ<�{uq�C]Q9?�i]?�<DUu<@EL?
FHGJ:�;cK=;_GJT�FaC]T>:ÖCJFO<@E9?Z�uGY:�;=K=<@CJQ9;_GJQ Ï

�u�ÿ� Ë�1� Ó.t,~ tJwdÔ
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·¢CY<@?W<@E9?ZI�C]QLU><[GYQh<¢<@?�TD:çEXGJUR8�?�?�Q�<@E9T>C¤ pQ�C]7L<�~ s K|<@E9C]7Li]E�;|<REXGJUp<@E9?ZU@GJ:�?WFaC]TD:ÚGJUp<@EL?
79Q9^�?�To<@79T>8`?�A��¢GJ:�;=K=<DC]Q9;_GYQ}q,ELC¤ �?�SJ?�T�q`<@EL;cUR�uGJ:�;cK|<@C]QL;_GJQ";=Up;cQ�<@E9?�<@TDGJQ9UoFa?�TDT>?�A�T>?�U>C]QXGJQ9I�?
TDCY<[GY<D;cQ9i«FaTDGJ:�?YqL<@EL?�TD?kFaC]TD?�<DE9?W^9EdM,U>;cI�U¢;=Ul:«79I[E�A9;=å`?�T>?�Qd< ~

xω0
1/2

x’ω0
−1/2

Yδ1/2

Pδ−1/2

A/(2δω0
1/2)

Nlõ#� 9 �¤ÿ /jP$��Ð ��?kFã<&�"�OC]T>;�FaC]Tx�¢GJ:�;=K=<DC]Q9;_GYQ^� � Ý� � � � ä Ý� × �ß � � q	T>;ci]Ed<`�§�OC]TD;�FaCJT Ý� � � � äÝ� × �ß � � ä¯� � UD;=Q�×q��;=Q�<DE9?WTD?�UDC]QXGYQ9I�?ZTDCJ<@GY<@;=Q9i«FaT@GY:�?Y~

zn;ciL~\t,~ * UDE9Cª pU�<DE9?p<@C]T>;{FaCJT	<DE9?uC]T>;ci];=QXGJKLGJQ9A§<DE9?¢^�?�To<@79T>8`?�AB�uGY:�;=K=<@CJQ9;_GJQ�~O�lEL?u?�å`?�Ik<
CJFp<@EL?�^�?�To<@79T>8XGY<D;cC]Që;=U«i];=S\;=Q9i�<@E9?BI�?�Qd<@?�T�CYF¢:�GJU>U$G�AL;cUD^LK_GJI�?�:�?�Qd<x;cQë^LEXGJUD?�U>^XGJI�?Yq�;=Q
<@EL?�:�?�GJQ"<@;=:�?¢TDCJ<@GY<@;=Q9i�<@EL?�I�?�Qd<DTDC];=A�CYFO<DE9?�U>M\Uo<@?�:ÖGY<pGJQ9iJ79K_GJT�UD^�?�?�A�CJF�×Rq\<@E9?�A9T>;=S\;cQLi
FaTD?�gh79?�Q9IkM]~	�lE9;cUp;=Ue<@E9?W^9EdM\UD;=I GJK�^9;=I�<@7LTD?�CJFfA9;c^�C]K=?y:�C\A9?�C]U>I�;=KcK_G¦<@;cCJQ}~

r F} �?yGJU>UD79:�?¢<DE9?¢UoM\U><@?�:�E9GJU�SJ?�T>M�QXGYTDTDCª 3FaT>?�gh79?�Q9I�M§UD^9T>? GJA}q\;.~ ?J~|q¾�Óã×�Ô;�ÿ�,Óã×BÛ�×fßkÔkq
<@EL?�Q�<@E9?WA9;=UD^9KcGJI�?�:�?�Qh<pCYFf<DE9?WI�?�Qd<D?�TRCJFn:�GJU>UR;=U

é � Ó#�>Ô ê � �
t�� ×fß UD;=Q�Óã×q��ä��{ßkÔ�� Ó.t,~ tC-hÔ

¸yQ9?�I GJQ�I�C]:�^XGJT>?���g{~�Ó.t,~GE]Ôu p;=<DE°��g{~�Ó.t,~ tC-hÔ¶~§�p?�:�?�:«8�?�TW8�CJ<@E�TD?�UD79K|<@UWEXG S]?�;cQ9I�Kc79A9?�A
��GJQ9AXGY7 j GJ:�^9;=Q9i9~
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·¢CJ<D?�;=Q�zn;ci9~9t,~ * GJK=K�<@EL?Z<DC]TD;�GYTD?WI�;=TDI�K=?�U�~��lE9?�TD?kFaC]TD?Yq�;|Ff<DE9?Z^9EXGJU>?�U>^XGJI�?Z;cUl^LTD?�U>?�ToS]?�A

A979T>;cQ9iZ<@E9?p<@7LTDQ9;=Q9iY�NCJQ�CJF�<@E9?¢A9TD;|S,;=Q9i�FaC]TDI�?Jq\<@E9?R8`?�GJ:*A9;cUo<@T>;c897L<D;cC]Q�GJT>C]79Q9A�<@E9?¢I�?�Qh<DTDC];=A
UDELC]79KcA�8`?Z<@E9?ZU@GY:�?Y~R�lEL;cUR;cUp<@TD7L?�C]Q9K|MBFaC]Tl<@E9?�A9;c^�C]K=?Z:�C\A9?WC]UDI�;cKcKcGY<@;=C]Q}~�z{CJTp<DE9?�CY<@E9?�T
:�C,A9?�U�qL �?ZEXG S]?W<@C$i]C$8XGJI[¡"<DC$<DE9?��yKcGJUDCªS���gh7XGY<D;cC]Q}~

r Q�<@E9?xT>?�UDCJQXGJQ9I�?�T>CJ<[G¦<@;cQLi§FaT@GJ:�?Jq`<@E9?$�¢GJ:�;=K=<DC]Q9;_GYQ�;=Uu<@;=:�?¶�N;cQLA9?�^�?�Q9AL?�Qd< q�<DE9?�T>?�FaC]T>?
 �?e?kµ,^�?�I�<�<DE9?�?�gh79;cK=;c89T>;c79: ^XGYT><@;=I�K=?	AL;cU><DTD;=897L<@;=C]Q�<DCy8�?�;cQLA9?�^�?�Q9AL?�Qd<�CJFX<D;c:�?J~O�lE9?��yKcGJUDCªS
��gh7XGY<@;=C]Q�8`?�I�C]:�?�U M1�M1� M1¾M1� Û M1�M1� M�¾M1� � v?� Ó.t,~ t5F]Ô
 pE9?�TD?BÓ$�©�å��ÔlGJT>?�^9E9GJUD?�UD^XGJI�?«I�C\C]T>A9;cQXG¦<@?�URGJU¢A9?�b9Q9?�A�;=Q¥��g{~nÓ.t,~ t]t]Ô¶~p��g{~nÓ.t,~ t5F]Ôe:�? GJQLU
<@EL?�A9;=U><@T>;c897,<@;cCJQ�Fa79QLI�<@;=C]Q�A9C\?�U>Q
+ <yI[EXGJQLi]?xGJK=C]Q9i�<DE9?�<DC]TD7LUuCJF�<DE9?«�¢GJ:�;=K=<DC]Q9;_GYQ}q9C]T�q`<@EL?
A9;=U><@T>;c897,<@;cCJQ�;=U�G¢Fa79QLI�<@;=C]Q«CJFX��qY<DE9?e�¢GJ:�;cK=<DC]Q9;cGJQ}~��lE9?e^9GJT><D;cI�7LK_GJT�FaC]T>:ºCYFX<@E9?eU>C]Kc7,<@;cCJQ�;=U
A9?k<@?�T>:�;=Q9?�A�8dM"<DE9?�;cQ9;|<@;cGJK`I�C]Q9A9;|<@;=C]Q}~�·RCJ<@?W��CJK=<@±�:§GYQ9Q"A9;=U><@T>;c897,<@;cCJQ�¾a�íÜ Á ±
ÑÒ�ÓÕÔ GY7L<@CY�
:�GY<@;=I GJK=K=M¢U@GY<D;cU>b9?�U���g{~]t\~ t5F\qY pE9?�TD?l·á;cU�<@E9?�Q9C]TD:�GJK=;c± G¦<@;cCJQyFHGJI�<DC]T�qJ�á;=UO<DE9?l�uGY:�;=K=<@CJQ9;_GJQ�qÖ ¨ ;cUZ��CJK=<@±�:§GYQ9Q�I�C]Q9Uo<[GJQd<�GJQ9A°�³;cU�<@E9?$<@?�:�^�?�TDGY<@7LTD?J~"z{CJTZK=;cQ9?�GJT�I GYUD?�U�q Ö ¨k× �6Ø�´Dßªq
 pE9?�TD?$Ø ;=U�<@E9?�<D79Q9?�CJFO<@E9?W�¢GJ:�;cK=<DC]Q9;cGJQ"GJQLAi´>ßR;=Ue<@E9?�?�:�;|<D<@GJQ9I�?�CYFO<DE9?W;cQ9;|<@;cGJK{U>M\U><D?�:�~
r Q�C]TDAL?�T�FaC]T�<@E9?�UoM,Uo<@?�: <@CxUDGY<@;=U>FãM§<DE9?W��C]K|<@±�:§GJQLQ"A9;cUo<@T>;c897L<D;cC]Q�qh<DE9?�;cQL;=<@;cGJK{A9;cUo<@T>;c897L<D;cC]Q
8�?�FaC]T>?	<DE9?�<D79TDQ9;=Q9iY�ÞC]Q�CJF,<@E9?�A9TD;|S\;cQ9ipFaC]TDI�?�:«7LU><�8�?�VZGJ7LUDUD;cGJQ}~ s Ik<@7XGJK=K=M�VWGJ79U>UD;_GYQ�A9;=U><@T>;|�
897L<D;cC]QW;=UfGYQ9CJ<@EL?�T�FaC]TD: CJFX��C]K=<D±�:�GJQ9Q�A9;=U><@T>;c897,<@;cCJQ�;cQWC]79T�Kc;=Q9? GYT}U>M\U><D?�:�~ r F, �?	UD798LU><@;|<@7L<D?
<@EL?¢;=Q9;=<D;_GJK,�uGJ:�;cK|<@C]QL;_GJQa�u�ÿì�ª¥;=Qd<@C���C]K=<D±�:�GJQ9Q$A9;=U><@T>;c897,<@;cCJQ}qJ �?¢i]?k<©¾�Ó¿ª�Ôq� Ý�dá À � Á ÂÄÃ À � q pE9;=I[E�;cU�<@EL?eVWGJ79U>UD;_GYQ�A9;=U><@T>;c897,<@;cCJQ}~Oz{CJT><@7LQXGY<@?�K=MyFaCJTO:�GJQdMWU>M\Uo<@?�:�Uf<DE9?�;=Q9;=<D;_GJKYU><@GY<@?�U�GJT>?
;cQ�VWGJ79U>UD;_GYQ�AL;cU><DTD;=897L<@;=C]Q}q\<@E9?�TD?�FaCJTD?���C]K=<D±�:�GJQ9QBA9;=U><DTD;c8L7L<@;=C]QB;cQB<@EL?ZT>?�U>C]QXGJQ9I�?�T>CJ<[GY<D;cQ9i
FaT@GY:�?�EXGYURiJ?�Q9?�T@GJK�U>;ci]Q9;|bXI GYQ9I�?Y~

�eGJI[¡§<DCxC]79Te^LTDC]89K=?�:�~ r FO<@E9?�;=Q9;=<D;_GJK{A9;=U><@T>;c897,<@;cCJQ§;cUlVZGJ7LUDUD;cGJQ}qL<DE9?�QB<DE9?�A9;cUo<@T>;c897L<D;cC]Q
Fa79Q9Ik<@;=C]QBFaC]Te<@E9?Z�¢GJ:�;=K=<DC]Q9;_GYQ�Ó.t\~ tJw]Ô�;cU

¾�Ó Ë�LÔ;� *
t	Ï)´Dß Á ±bÙ�ÚÛÙ.Ü � � *

t�Ï)´Dß Á ±�ÚÛÜ � � Ó.t,~ t�.dÔ
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TDCY<[GY<D;cQ9i°FaTDGJ:�?J~º�lE9?�A9;cUo<@TD;=897L<D;cC]Q3;=Q3<@E9?�KcGJ83FaT@GY:�?�I GJQâ8�?�FaC]79Q9Aâ8dM½TDCY<[GY<D;cC]Q½GYQ9A
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A9?kFaC,I�79UD;=Q9i$CJFnEL;ci]EB?�Q9?�T>iJM�8`?�GJ: ;=Q�U><@CJT@GJi]?�T>;cQ9iJU�~ r FO<@E9?Wgh7XGJA9T>79^�C]Kc?�Uo<@TD?�Q9iJ<DE�FaC]T�UD79I[E
G«gh7XGJA9T>79^�C]Kc?y;=UâE � � �"HZÝ��+H]¾XqL pE9?�TD?$HZÝ;�yM�H£°%�+M � q{GJQ9AàH]¾�;cU�<DE9?�:�GJi]Q9?k<@;cI¢TD;=i];cA9;|<NM
CJFO<@E9?W^XGYT><@;=I�K=?Jq,<DE9?�Q�<@E9?W?�g\79GY<@;=C]Q�CJFn:�CJ<D;cC]QB;=Q"<@E9?WT>Fngh7XGJA9T>79^`CJKc?�;cU

Ý � � ä�E � � I�C]UL× � � � Ý ��v?� ÓHwL~ * Ô
 pE9?�TD?¢× � � ;=U�<@EL?u �CJTD¡h;cQ9i�FaTD?�gh79?�Q9I�M§CJF�<@EL?uT>F�gh7XGYA9TD79^�C]K=?yGJQ9A�<@E9?yALC]7989K=?u^9T>;c:�?¢:�? GJQLU
<@EL?yUD?�I�C]Q9ABAL?�TD;|SYGY<@;|S]?¢ p;|<@E"T>?�U>^`?�I�<l<@C�<@E9?y^9GY<@E"K=?�Q9iY<@EàG¨�yãYß��¶~��lE9?�T>?�FaC]T>?y<@E9?uFaC\I�7LUD;cQLi
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ñ����2�Hÿ 7åP$��Ð mnGYT@GJ:�?�<D?�TDUpCJFn�RzfÒ � GY<R¬W��¬

� G¦µ,;c:«7L: bX?�K=A�i]T@GJAL;c?�Qd<ªÓH^�? GJ¡�SJGYKc79? Ô vL~ v * EYw«��æY:
� G¦µ,;c:«7L:Ö^`?�GJ¡"I�79TDT>?�Qd< -dw s
��µ,I�;=<[G¦<@;cCJQ�FaT>?�gh79?�Q9I�M * ~H.]vdtC4 � �y
��C]TD?WA9;cGJ:�?�<@?�T * tYv$:�:
��C]TD?Z��?�Q9iY<@E vL~ w�-$:
��å`?�Ik<@;|S]?Z:§GJiJQ9?�<D;cIyK=?�Q9iJ<DE vL~ w]�x:
6,?�K|Fn;=Q9A979Ik<[GJQ9I�? t,~ *bç �
� G¦µ,;c:«7L:ÖC]7L<D^97L<p^�C¤ �?�TRCJFn�¢z²GJ:�^9K=;=bX?�T t«¡ �
� G¦µ,;c:«7L:ÖE9C]T>;c±�CJQh<@GJK�<D79Q9?WUDE9;|Fã<�ÓH^�? GJ¡�SJGYKc79? Ô * ~ tJw ÅM* v±��
� G¦µ,;c:«7L: S]?�T><@;=I GJK`<@79Q9?ZUDEL;=Fã<�ÓH^�? GY¡§SYGJKc79? Ô .L~ � ÅM* v ±Õè

G©Fa?�TDT>;=<@?BMJC]¡J?Y~ �lEL?¥�RzOÒ �  �CJTD¡hU"GY<�TD?kS]C]K=7L<@;=C]Q²FaTD?�gh79?�Q9I�M/GJQ9Aá<@E9?�:�? GJU>79TD?�A®<@7LQ9?
I[EXGJQLi]?�FaC]TlA9;=å`?�T>?�Qd<p8979QLI[E¥;cUpGxU>;cQh79UDCJ;cAXGJK�I�79ToS]?�GJKcC]QLi«<@E9?�K=C]Q9i];|<@79A9;=QXGJK�^XGY<DE}q9 pE9;cI[E�;=U
GJU�?kµ,^`?�I�<D?�A}~��lE9?�Që<@E9?kM�<D79Q9?�AëCJQ9?§I�GªS\;|<NM�<DC�i]?�QL?�T@G¦<@?BG¥EL;ci]E9?�To�ÞC]TDA9?�To�Þ:�C\A9?�Ó��u¸ � Ô
FaTD?�gh79?�Q9IkM * �³Ó-h�Û¦ì Ð Ô * ßªqh pEL?�TD?pQ�;cU�GJQ�;cQd<D?�i]?�T�qì Ð ;cU�<DE9?pE9C]T>;c±�CJQh<@GJKL<D79Q9?¢GJQ9A * ß	;cU�<@EL?
TD?kS]C]K=7L<@;=C]Q�FaTD?�gh79?�Q9IkM]~ � E9?�Q©<DE9;cUy�y¸ � ?kµ,;cUo<@?�A�q�<DE9?«<@ELTD?�U>E9C]K=A©I�79TDT>?�Qd<ZA9TDCJ^9^`?�A�FaTDC]:
tJ�J: s <DC�4J: s q¦E9Cª �?kS]?�T�qh;=FX<DE9?l�RzfÒ �  �GJU�<D79TDQ9?�AxC]Q$GJQ9A�<@E9?�<D79Q9?lU>^9TD?�GJAxCJF`t_�GF ÅK* v ±Õè
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Ý � � ä�E²Ó�G¤Ô Ý � HWÝ�Ó�G¤Ô
t+H]¾ Ý I�C]U Óã×�ï��}äFîfÔë� ÓHwL~ tJÔ

 pE9?�TD?âG�;=UO<DE9?�K=C]Q9i];|<@79AL;cQXGJKYI�C\C]TDAL;cQXGY<D?�GYKcC]Q9il<DE9?eGJI�I�?�Kc?�TDGY<@CJT�qJHZÝ�Ó�G¤Ô�;cU�<@E9?	T>FXgh7XGYA9TD79^�C]K=?
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�ëÓ Ý � Ý � Ôq� *
t Ý � � ä *

t E$ÙJÓ�G¤Ô Ý � ä ïð � ý`Ý ¡ðñ ý ± ¡ HZÝ�Ó�G � Ô0ò �t+H]¾ �,Ó�GpÛ�G � Ûsh}Ü�Ô Ý � I�C]UªÓã×�ï��}äFî � Ôë�
�OT@GJQ9UoFaC]TD:�;cQLi«<@Cx<@E9?ZGJIk<@;=C]Q,�´GYQ9i]Kc?uI�C\C]TDA9;=QXGY<D?�Ue p;=<DEB<@E9?Wi]?�Q9?�TDGY<@;=Q9ixFa79Q9I�<D;cC]Q

� Ý�Ó Ý ���{Ù¶Ô©�ºÛ Ý �
tJl9Ù Óã<[GJQW�{Ù�Û l �Ùt Ô��

C]Q9?WC]8,<[GJ;=Q9U

�ëÓ¿ª]Ù	���XÙ�ÔÕ� ì¤Ù�ª]Ù	ä ª]Ù ïð � ý`Ý ¡ðñ ý ± ¡ HZÝkÓ�G � Ô0ò � l9Ù]Ó�G � Ôt	Ï�H\¾ Á�ó ñ 1 � ± �-ô 2 Ã0õ
Å I�C]U � Ó��XÙ�ä ç Ù]Ó�G � ÔnÛ@ì¤Ù G �� ÔBI�C]U Óã×�ï��}äFî � Ôë� ÓHwL~ w]Ô

 pE9?�TD?BÓ¶ª]Ù	���{Ù�ÔlGJT>?�I�C]Q¦£>79idG¦<@?ZGJI�<D;cC]Q\�´GJQ9iJKc?�I�C\C]T>A9;cQXG¦<@?�U�q��³;cUl<DE9?�G SJ?�T@GYi]?�TDGJA9;=79UpCJF�<@EL?
GJI�I�?�K=?�TDGY<@C]T�qì¤Ùl;=U�<@E9?l<@7LQ9?pCJF`<DE9?p8`?k<[GY<DTDC]Q$:�CJ<@;=C]Q}qdGYQ9A�<DE9?lFaC]KcK=Cª p;cQ9iy;=A9?�Qd<D;=<NM«E9GJU�8`?�?�Q
79U>?�A ¡ðñ ý ± ¡ �,Ó�GpÛ�G � Ûöh}Ü�Ôq� *

Ü ¡ðñ ý ± ¡ Á�ó ñ 1 � ± ��ô 2 Ã0õ � ÓHwL~H-dÔ
�nµL^9GJQ9A9;=Q9i�<DE9?Z�uGJ:�;cK|<@C]QL;_GJQ�;cQ�TD?kS]C]K=7L<@;=C]QBEXGJT>:�C]QL;cI�U�q9C]Q9?Wi]?k<@U

�ëÓ¶ª]Ù	���{Ù�Ô � ì¤Ù�ª]Ù�ä ª]Ù
t ¡ðñ ý ± ¡ö÷ � ñiø Ù�ø Ù Á�ó 1 � ��ä Ùùñ)ú¿Ù ¼�û ° 2 ä¯� ñiø ± ø ± Á�ó 1 ± � ��ä Ùùñ�ú ± ¼>û ° 2 ä� ñJø Ù�ø ± Á�ó 1 � � ä Ùùñ�ú ± ¼ û ° 2 ä@� ñJø ± ø Ù Á�ó 1 ± � � ä Ùùñ�ú¿Ù ¼ û ° 2zü ä�ý�Ó¶ª]Ù����>Ô�� ÓHwL~îFJÔ

 pE9?�TD?W�\�yG��+� ;=U�<@E9?pC]T>89;=<D;cQ9i�GYQ9i]Kc?pGYTDC]79QLA$<DE9?RGJI�I�?�K=?�T@G¦<@C]T�q,GYQ9A«ýOÓ¶ª]ÙC�È�>ÔnA9?�^�?�QLA9U�CJQ9K=M
C]Q§<DE9?u<D;c:�?¢�	GJQLA!ª]Ù¦q, pE9;=I[EB;cU�G�FHGJU><eC]UDI�;cKcKcGY<@;=Q9i�<@?�TD:�~��lE9;cU	<@?�TD:èI GJQ"8�?y;=i]Q9C]T>?�A"U>;cQ9I�?
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;=<pALC,?�UDQ
+ <¢GYå�?�I�<p<@EL?Z8�? GY: A9;=U><@T>;c897,<@;cCJQ}q9GJQLA

� ñJø þ�ø þ � ïð ñ ý`Ý l � HZÝ�Ó�G � Ôÿò ��CÏåH]¾ Á ± ó ñ���ô Ã0õ þ ó 1 ��� ä 1 ��ô 2 ± ��� ä �-ô Ã0õ þ��>ô 2
� � Ì G l�Ó�G¤ÔoHZÝ�Ó�G¤Ô

�CÏ�H]¾ Á ± ó ñ>� Ã0õ þ ó 1 ��� ä 1 � 2 ± ��� ä � Ã0õ þ�� 1 � 2 2 � ÓHwL~G.]Ô
·¢CY<@?l<@EXG¦< Ì �XÙh� Ì �\�ÿì¤ÙY~ � E9?�Q�<DE9?¢:�C\A979K_G¦<@;cCJQ�<@7LQ9?£ì�ï^�½×�ïq�¤×fß	;cU�Q9?�GJT	G�EXGJK=F`;cQd<D?�i]?�T
8�?�<[G¦<@TDCJQ�U>;cA9?�8XGJQ9A}q{?Y~ i9~�ì�ïöÉÇt5ì¤ÙeÛshnq9<@EL?�Uo<[GY<D;cC]QXGYT>M"^LEXGJUD?W<@?�TD:ç;=Q�<DE9?��uGJ:�;cK|<@C]Q9;cGJQ
A9C]:�;cQ9GY<@?�Ue<@E9?WALM\QXGJ:�;cI�U�qXGYQ9A�<DE9?Z�uGJ:�;cK|<@C]QL;_GJQ�I GJQ�8`?WGY^9^9TDC µ,;c:�GY<D?�A�8dM

�ëÓ¶ª]Ù	���{Ù�ÔÅÉ=ì¤Ù�ª]Ù	äáÜ¢ÝÄª]Ù�I�C]U¤Ó�t��{Ù�Ûöhj��Û�×�ï2��ä�înÔë� ÓHwL~îEJÔ
 pE9?�TD?� �?�;cA9?�Qd<@;=FãM²<DE9?�zXC]79T>;c?�T§GJ:�^9K=;=<@7LA9?¥GYU�� ñiø ± ø Ù � Ü¢Ý Á ± ó � ~Ð�¢?�T>?¥ �?�A9?�b9Q9?�Ü¢Ý
^�C]UD;|<@;=SJ?J~

�à<�� § ��� �³����
°�y��������'Ú�=ë �ê��� ? �«� � k���������«�

�	���	��
 ������������ ����������! "��#"���%$�'&���)(
� ?�<DT@GJQ9UoFaC]TD: <DE9?��uGJ:�;cK|<@C]Q9;cGJQ½ÓHwL~GE]Ô«;cQd<@C�G+*-,/.1032546287/,9*-03:;46:=<>2@?BAC*�46DE,«8hM²7LUD;cQLi�<@EL?
i]?�Q9?�TDGY<@;=Q9ixFa79Q9I�<D;cC]Q � � �êÓ��{Ù�Û Ý� hj�yÛ Ý� ì�ïO�RäFîfÔëª�<DC�C]8,<[GJ;=Q�G$QL?� Ç�¢GJ:�;=K=<DC]Q9;_GYQ
�

�ëÓ$�¢�å�,Ô;�ÿ����äáÜ¢Ý¿��I�C]U�tC�¢� ÓHwL~ �]Ô

 pE9?�TD?V�¥� ªnq�û� �{ÙZÛ Ý� hj��Û Ý� ì�ïO�«ä"î�qlGJQ9A¥�[� ~ ì¤ÙZÛ Ý� h�~LÛ Ý� ìªØ�;=U$I GJK=Kc?�A²<@EL?
*-,/.1032546287/,GF5*-0IH)<>DJ<>:LKMF�46*�46DE,N:�,N*¶~	6,;=Q9I�?R<@E9?y�uGJ:�;cK|<@C]Q9;cGJQ�Ó�wL~ �dÔ�;cU�<D;c:�?«Ó-�]Ô�;=Q9A9?�^`?�Q9A9?�Qd<�q
<@EL?y�uGY:�;=K=<@CJQ9;_GJQ�;cU�G�I�CJQ9U><@GJQd<lCJF�:�CJ<@;=C]Q}~ r <e;=U	?�gh79;=SYGJK=?�Qd<�<DC�<[GY¡J?¢<DE9?ymOC];cQLI GJT²?¢U>79T>FHGJI�?
CJFfUD?�I�<@;=C]Q�GY<p?�SJ?�T>M * �5ì�ï²<@7LTDQ9U�~

r Q¥<@EL?�TD?�i];cCJQ¥CJFlÛ¢Ü¢ÝPO=�QOÇä�Ü¢Ý¶q{<@E9?�8`?�GJ:ç?�Q9I�C]79Qd<@?�TDUy<DE9?�K=;cQ9?�GJT � GY<@EL;c?�7�;cQ9Uo<[G¦�
89;=Kc;=<NM�A9T>;=S]?�Q°8dM�<@EL?�ToFegh7XGJALTD79^�C]Kc?Y~��lEL?§�¢GJ:�;=K=<DC]Q9;_GYQ²Ó�wL~ �dÔu;=UZUo<[GJ8LKc?x pE9?�Q
~ú��~ � Ü¢Ý¶~
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r Qd<@T>C,A97LI�;cQLi¥<@E9?§Q9C]TD:�GJK=;c±�?�A°I�C,C]T>A9;cQ9GY<@?�U`�:� � � tC�	I�C]U��³GJQ9A¯� � Û�� tC�	UD;=Q¢�Rq�<@EL?
�uGY:�;=K=<@CJQ9;_GJQ�;cUe<DT@GJQ9UoFaC]TD:�?�AB<DC

�u� *
t Ó(�läáÜ¢ÝDÔ�� � ä *

t Ó(�¢Û²Ü¢Ý>Ô�� � � ÓHwL~G4]Ô
s <@C]T>79U"GJU>UDC\I�;cGY<@?�A® p;=<DE/G©I�C]QLU><[GYQh<"�uGJ:�;cK|<@C]QL;_GJQ�SYGJK=79?�;cU�?�KcK=;c^L<D;cI�GJK.q�GJQLA/<@E9?�U><@GJ89K=?
bLµ,?�A�^�C];cQd<�;cU�K=C,I�GY<@?�ABGY<e<DE9?yC]T>;ci];=Q� p;|<@E���¸½µHº£� vLqLCJTSR¡¸½µHº¨�í��¸¹µGº¨� vL~��lE9?WGJU>^`?�I�<lTDGY<@;=C
CJFp<@EL?�?�KcK=;c^9U>?§;cU « ~ Ó(��ä®Ü¢ÝDÔÈ�LÓ(�¢Û²Ü¢ÝoÔ�~ ~ s A¦£>7LU><@;=Q9i�<@E9?¦��C]T$Ü¢Ý�^XGJT@GY:�?k<@?�T>U�q�C]Q9?�I�GJQ
GJA¦£>7LU><�<DE9?RUDEXGJ^�?uCYF}<@E9?¢GJA9:�;=<><[GJQLI�?p?�K=Kc;c^LUD?Jq\GJQLA�<@Eh79U�<@E9?RT>F�gh7XGYA9TD79^�C]K=?¢I�GJQ"8�?¢79U>?�A§<DC
I�CJ:�^�?�Q9UDGY<@?W;=Q¦£>?�Ik<@;cCJQB:�;=UD:�GY<@I[E}~

zn;ciL~�wL~ * UDE9Cª pUx<@E9?B<DT@GJI�?BCJFRC]Q9?�UD;=Q9i]Kc?§^XGJT><D;cI�Kc?§;=Që<@E9?BT>?�UDCJQXGJQ9I�?�T>CJ<[G¦<@;cQLi�FaT@GJ:�?J~
�eGJU>;cI�GJKcK|M©<DE9?B^XGJTo<@;=I�Kc?W£>79U><xFaC]K=KcCª pU�<DE9?"<@CJTD79UxCJFp<DE9?��uGJ:�;cK|<@C]Q9;cGJQ}qOE9Cª �?kS]?�T�qeQ9CY<@?"<@EL?
UD:�GJK=K�C]U>I�;cK=K_GY<D;cC]Q�A979?W<@Cx<@EL?Z;=Q9I�CJE9?�T>?�Qd<p<@?�T>:�Up;=Q���g{~fÓ�w,~îF]Ô¶~
�	���	��T UWVS��&''���X���Y� ���Z����X�!���#"���%$�'&���)(
� E9?�Q3G�A9?�<D79Q9;cQLi©<D?�TD: ;cU$;cQ9I�Kc79AL?�A}q	?J~ i9~á;cQ²<@E9?�^9T>?�UD?�Q9I�?�CJFyC\I�<D79^�C]Kc?B:�GJi]Q9?k<@U�q�<@EL?
�uGY:�;=K=<@CJQ9;_GJQ�8`?�I�C]:�?�U

�u�í���yä/Ü¢Ý¶��I�C]U�tC��ä *
t ��ÙoÙh� � � Ó�wL~ * vdÔ

 pE9?�TD?e �?lQ9?�i]K=?�Ik<�?�å`?�Ik<@U�CJF{E9;=i]E9?�TnC]TDA9?�T�Q9C]QLKc;cQL? GJTOTD?�UDC]QXGYQ9I�?�U�~��lE9?eQ9CJQ9Kc;=Q9? GJTfA9?�<D79Q9;=Q9i
^XGJTDGJ:�?�<@?�T¡��ÙoÙ�:�GªMëGJTD;=UD?"FaTDCJ: <@E9?�UD^9GJI�?�I[EXGJT>i]?BFaC]TDI�?Jq�<DE9?�I�C]QLI GY<D?�QXGY<D;cQ9i©?�å`?�Ik<@U�CJF
UD?¶µ\<@79^�C]Kc?�U�qLGJQ9A§CY<@E9?�T�E9;=i]E9?�T�C]T>A9?�T	:«79K|<@;æ�N^�C]Kc?�U�~OzXC]T�?¶µLGJ:�^LKc?Jqd<DE9?¢AL?�<@7LQ9;cQ9i�^XGJTDGJ:�?k<@?�T
A979?y<DCxGJQBC\I�<D79^`CJKc?u;=U���Ù>Ù¢� ÝÝ Æ áM[ ¨]\¨ ª l �Ù Ì G5�h pE9?�T>?�H � �
M��gH ' �JM � �p;=U�<@E9?uC,Ik<@79^�C]Kc?RbX?�K=A
U><DTD?�Q9iJ<@E�~

s Ik<@7XGJK=K=M�<@E9?pS]?�I�<@CJT�^�CJ<@?�Qd<@;_GYK9A979?p<@C�GJQ�C,Ik<@79^�C]Kc?l;=Uq� � � ¨@\� è Ó � è`Û¦. � �   � Ôkqd<DE9;cU�GJALA9U
;cQd<DC�<@EL?��uGJ:�;cK|<@C]Q9GJ;cQ$GJQ"GJA9A9;|<@;cCJQXGJKX<@?�TD: ¨@\¨ ª õ� è Ó � è Û<. � �   � Ôk~�·RCJ<@?R<@E9?��½FHGJIk<@C]T�;cU�FaTDC]:
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Nlõ#� 9 �¤ÿ 7jP$��Ð �lE9?Z<DT@GJI�?�CYF�C]Q9?ZUD;=Q9i]K=?�^XGJT><D;cI�Kc?W;cQB<@EL?�T>?�UDCJQXGJQ9I�?�TDCY<[GY<D;cQ9ixFaT@GY:�?�FaC]Tl<@EL?
Kc;cQL? GJTl�¢GJ:�;cK=<DC]Q9;cGJQ}~fmnGJTDGJ:�?k<@?�TDUp79UD?�A¥GYTD?T��� v?� v]v * w?�pÜ¢Ýq� v?� vJv * ~

<@EL?ZI[E9GJQ9i]?WCJFf<@;c:�?uFaT>C]: �«<@C$U�~ s S]?�T@GJi];=Q9i$CªS]?�TRC]Q9?�<D79TDQ}qXCJQ9?�i]?�<DU
*
t	Ï � Ì � �tC- H �H]¾ Ó � è Û¤. � �   � Ô

� *
t	Ï � Ì G *. H �H]¾ l � ª � I�C]U è �yÓ�G¤Ô

� *
t	Ï � Ì G *. H �H]¾ l � ª � Ó w� ä *

t I�C]U`tC�yÓ�G¤Ô}ä *
� I�CJU�-5�yÓ�G¤ÔDÔ

� *
t

** .CÏ � H �H]¾ l �Ù Ì G ª � Ó�wL~ *5* Ô
r Q$<@E9?lA9?�TD;|SJG¦<@;cCJQ}qJ<@EL? � �   � <D?�TD:³;cU�A9T>C]^9^�?�A�8`?�I GJ79U>?p;=<�A9C\?�Uh+ <	GY<><@T>;c897L<D?e<@C�<@EL?�ª � <@?�T>:�~
s QLA�<DE9?W;cQd<@?�i]T@GJK�CJF�GYQhMO��fJGZ<@?�TD:�Ul;cUl±�?�TDC�C]Q�G S]?�TDGJi]?Y~
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Nlõ#� 9 �¤ÿ 7jP½/jÐ �fC]^�Kc?�Fã<`�f6\<[GJ8LKc?�ÓaUDC]K=;cA�Kc;cQL?ªÔ�GJQ9A«79QLU><[GY89Kc?yÓHUDELC]T><�A9GJUDE9?�AxKc;=Q9?ªÔ}bLµ,?�Ax^�C];cQd<DU
S,U«<DE9?"?kå�?�I�<@;|S]?BT>?�UDCJQXGJQ9I�?B^9TDC µ,;c:�;=<NM�^XGYT@GJ:�?�<D?�TK� ���C����Ù>Ù�FaC]T�<DE9?"?kF_�
Fa?�I�<D;=SJ?¥TD?�UDC]Q9GJQ9I�?¥U><@T>?�Q9iY<@E3^XGYT@GJ:�?�<D?�T§�ªÝO� Ü¢Ý�����ÙoÙf��v?� * v�:�:�~½�lE9?
^9KcCJ<DUxK_GJ8�?�K=?�A Ó * ÔkquÓ.t]Ô¶q�GYQ9AÐÓHwdÔ�I�CJTDTD?�UD^�C]Q9A²<@C�<@E9?BSJ?�T><D;cI�GJKeKcCJQ9iY�NA9GJUDE9?�A
Kc;cQL?�U¥:�GJT>¡J?�AºGJUáÓ * Ôkq§Ó.tJÔkq«GYQ9A�Ó�wdÔ�T>?�U>^`?�I�<@;|S]?�K=M]~Í�lE9?á�uGY:�;=K=<@CJQ9;_GJQâ;=U
���ÿ�¡��Û¯�ªÝ¶��I�C]U`tC��ä Ý� � �  p;=<DEi�S� � tC��I�C]U��½GYQ9AV�þ� Û � tC�	UD;cQM�R~
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zn;|µ,?�A§^�C];cQd<@U	I GYQ"8`?RC]8L<@GJ;cQL?�A�FaT>C]:é�¢GJ:�;=K=<DC]Q
+ U�?�gh7XGY<D;cC]Q9Uh� »�a��v�GJQ9A »�¯��vLqh pE9?�T>?

<@EL?�CªS]?�To�ÞA9CJ<OTD?�^9TD?�UD?�Qd<DUn<@E9?�<@;=:�?]Ó��JÔ�A9?�T>;=SYGY<@;|S]?Y~f�lE9?	^9T>C]^`?�T><NMWCJF,<@E9?	�¢GJ:�;=K=<DC]Q9;_GYQ$Ó�wL~ * vdÔ
A9?�^`?�Q9A9UZC]Q�<@E9?$U>;ci]Q9U�CYF��§GJQ9AA��ÙoÙY~«zXC]Ty?¶µ9GY:�^9K=?Jq�;|F©��ÙoÙ§àºv�GJQ9A©Ü¢Ý � vLq}<DE9?xU><@GJ89K=?
bLµ,?�A�^`CJ;cQd<@UpGJT>?Wi];=SJ?�Q�8dM

�h¸¹µGº � QS T Û Ýp ädä Ó(�läáÜ¢Ý>Ô�;=Fy� � Û¢Ü¢Ý
v ;=Fy� � Ü¢ÝeGJQ9Al�«àÐÛ¢Ü¢Ý Ó�wL~ * t]Ô

 p;=<DE!�2¸¹µGºK�³vBGJQLAVÏ�~W�lE9?x�¢GJ:�;=K=<DC]Q9;_GYQ�SYGJK=79?�CJF�<DE9?�bLµ,?�A©^�C];=Qh<u;cU��K¸¹µGº]��Û Ý� ��ÙoÙh� �¸½µHº ~
�lE9?ZI�C]T>TD?�UD^�C]Q9A9;=Q9i$79Q9U><@GJ89K=?Wb,µL?�A�^�C];=Qh<DURGJTD?�K=C,I�GY<@?�A�G¦<

�N^ÈµGº � QS T Û Ýp ädä Ó(�uÛ²Ü¢ÝoÔ ;|F � � Ü¢Ý
v ;|F&Û¢Ü¢Ý�à ��à½Ü¢Ý Ó�wL~ * wdÔ

 p;=<DEV�X^ÈµGº\�þÏ��]t$GJQ9A�wCÏ��]t,~p�lE9?��uGJ:�;cK|<@C]QL;_GJQ"SYGJK=79?�CYF�<@E9?�UD?�^XGJT@G¦<@TD;æµ�<@C]T>79Uu;=U �_^ÈµHºT�
Û Ý� ��ÙoÙh� �^ÈµHº ~f�lEL?	:�;cQL;c:«79: GJIk<@;=C]Q�CJF\<@E9?�U>?�^XGJTDGY<@T>;|µyC]TD89;|<�;cU
��¸½ø ø ï>·úù¢�êÓ � Û¨�,Û � Ü¢Ý>Ô � �C��ÙoÙJ~

�lE9?y<@CJ^"Kc?kFã<e^9K=CJ<eCJFOzf;ci9~\wL~ t�UDELC¤ pUe<DE9?�GJIk<@;=C]Q"CJF�<DE9?ubLµ,?�A�^�C];cQd<DU�S\U�<@EL?y^XGJTDGJ:�?k<@?�T
�C����ÙoÙ«FaC]TWGB^XGYT@GJ:�?�<D?�TWÜ¢Ý�����ÙoÙ¡�*v?� * v�:�:�~«·¢CY<@?x<@EXG¦<WTD?�iJ;cC]Q®Ó * Ôu;cU�8�?�KcCª º<@E9?$89;|Fa79To�
I G¦<@;cCJQ�<DE9TD?�UDE9CJKcA�GYQ9A�<DE9?W^9EXGJU>?k�ÞUD^XGJI�?�;=UR8L;=Fa79T>I GY<D?�A�;cQd<@C�tx;cUDKcGJQ9A9Up;=Q�T>?�i];=C]Q�Ó.t]ÔlGJQLA�;=U
<@T>;c^9K=;cI�GY<@?�A";cQd<@C�w$;cU>K_GJQ9ALUe;cQ�TD?�i];cCJQ°ÓHwdÔk~

zn;ciL~}wL~ wBUDE9Cª pUW<@E9?x<@TDGJI�?�UWCJFeGBU>;cQ9i]K=?x^XGJTo<@;cI�Kc?«;=Q�<@E9T>?�?$A9;|å�?�TD?�Qd<WFaTD?�gh79?�Q9IkM�TD?�i];cC]QLU
;cQ©<@E9?�TD?�UDC]QXGYQ9I�?BT>CJ<[GY<D;cQ9i�^9EXGYUD?"U>^XGJI�?Y~ s idGJ;cQ�C]Q9?�I GJQëU>?�?§<DEXGY<Z<@E9?"^9GJT><D;cI�K=?xFaC]KcK=C¤ pU
<@EL?"�uGY:�;=K=<@CJQ9;_GJQ�<DC]TD7LU� p;=<DEëG�SJ?�ToM°U>:§GJK=K�C]UDI�;cKcKcGY<@;=C]Q�A979?�<@C�<DE9C]U>?"A9TDCJ^9^`?�A°<@?�TD:�U�;=Q
��g{~OÓ�wL~GF]Ôk~
�	���	��� `a���cb��%&'���dVfeg�Z���h��VG��&�'�������YiW�%jk'&���VG��'�%�
zXC]T§<DE9?�Q9C]Q9K=;cQ9?�GJTB�uGY:�;=K=<@CJQ9;_GJQg� � ���Bä Ü¢Ý¶��I�C]U�tC�âä Ý� ��ÙoÙ`� � qR<@E9?�C]T>;c?�Qh<@GY<@;=C]Q3;=U
A9;|å�?�TD?�Qd<n8`?k<N �?�?�Q$A9;=å`?�T>?�Qd<fUD;ciJQ9UnCJF���ÙoÙJqJGJUn;=UfT>?�íX?�I�<D?�A$;cQW<@E9?�bLµ,?�A«^�C];cQd<DU�~n�lEL?�?kµLGJ:�^9K=?
CJF�T>?�i];=C]Q"wZ;cU	UDE9Cª pQB;=Q§zn;=i9~hwL~6-9~�·RCJ<@?R<@E9?¢UD;ciJQ9U�CYF)��GYTD?¢GJKcU>C�I[EXGJQLi]?�A"I�C]TDT>?�U>^`C]QLA9;cQ9iJK=M]~
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Nlõ#� 9 �¤ÿ 7jP½7jÐ �lE9?u<@TDGJI�?�UeCJF�CJQ9?uU>;cQ9i]K=?¢^9GJT><D;cI�K=?¢;=Q"w�FaT>?�gh79?�Q9I�M§TD?�iJ;cC]Q9U�;cQ�<@E9?yT>?�U>C]QXGJQ9I�?
TDCJ<@GY<@;=Q9iBFaT@GJ:�?J~�mnGJTDGJ:�?�<@?�TDUZ79UD?�A�GJT>?§��?kFã<&�\�¦��v?��Ü¢Ý��èv?� v]v * �\��ÙoÙ:�
Û£FJvJvLqZ��?�Qd<@?�T`� �ÿ� Ûuv_� v]v]t_��Ü¢Ýf� v?� v]v * �V��Ù>Ùk� Û£FYv]vLqWGJQ9A��R;=i]Ed<&�
����v?� v]v * w_�pÜ¢Ýq��v_� v]v * �M��ÙoÙ¢� Û * v]vJvL~

�p?�:�?�:«8�?�Tu<DE9;cUu;cUy;=Q¥<@E9?xT>?�U>C]QXGJQ9I�?$TDCJ<@GY<@;=Q9i§FaT@GY:�?Yq`<@EL?«<@C]T>79U�TDCJ<@GY<@?�Uy;=F�CJ89UD?�T>S]?�A°;=Q
<@EL?�K_GJ8"FaTDGJ:�?Yq,<DE9?�T>?�FaC]T>?y<@E9?�A9;|å�?�TD?�Qh<pCJTD;c?�Qd<[GY<D;cC]Q"ALC,?�UDQ
+ <pI[EXGJQ9iJ?W<DE9?�^9EdM\UD;=I�Up?kµ,I�?�^L<¢G
^9EXGYUD?§AL;=å`?�TD?�Q9I�?Y~��lE9;cUZ^9EXGJU>?§A9;|å�?�TD?�Q9I�?� p;cKcK�8�?$<[GJ¡Y?�Q�;=Qh<DC¥GYI�I�CJ79Qd<«;cQ©<@E9?�:�;cUD:�GY<DI[E
GJ^9^LKc;cI�GY<@;=C]Q}~

6,;cQLI�?�<DE9?�CJ<DE9?�Tf^9TDCJ^`?�T><@;=?�UnGJTD?	<@E9?eUDGJ:�?�FaC]TO8`CY<@E«I�GJUD?�U�qd;cQZ<@E9?�TD?�Uo<�CJFX<DE9;cUfUD?�I�<@;=C]Q� �?
UDE9GJKcK�<@GJ¡J?\��Ù>ÙWà½v�GJURGJQ�?kµLGJ:�^9K=?J~��lE9?��uGJ:�;cK|<@C]Q9;cGJQ�SYGJK=79?W^9KcCY<D<@?�A�GJUlFa79Q9I�<D;cC]Q�CJF�¹�;=Q
E9C]T>;c±�C]Qd<[GJK�GYQ9A�SJ?�To<@;cI�GJK�A9;cT>?�Ik<@;cCJQ9UpGJTD?W^9K=CJ<D<D?�A�;cQ�zn;=i9~XwL~GF,~ r Q�<@E9?ZE9C]T>;c±�CJQh<@GJK}A9;=TD?�I�<@;=C]Q}q
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ÛytJvJv?�a�<�úv_� v]v * �[Ü¢Ý]�úv_� v]vJvIF,q��p;ci]Ed<&�§��Ù>Ùl�útJv]v?�K�D�ÍÛ¢v?� v]v * �[Ü¢ÝK�
v?� vJv]vIF,~

<@EL?¢C]T>;ci];=Q$GJQ9A$<@E9?R:�G¦µ,;c:«79: ^`CJ;cQd<@U�I�C]TDT>?�UD^�C]Q9A�<@CW<@E9?RU><@GJ89K=?pb,µL?�A§^�C];cQd<DU�qhE9Cª �?kS]?�T�q9;=Q
<@EL?�S]?�T><D;cI GYKOAL;cTD?�I�<D;cC]Q}qX<DE9?�:�G¦µ,;c:�79:Ö^�C];cQd<@URTD?�^9TD?�UD?�Qh<u<@E9?Z79Q9Uo<[GJ89K=?�bLµ,?�A�^`CJ;cQd<@U�~l�lE9?
�uGY:�;=K=<@CJQ9;_GJQ"SYGJK=79?�;=Q�<DE9?�T>?�i];=C]Q�t�;=U¢^LKcCJ<><@?�A�;cQ¥zn;ci9~�wL~H.L~ r Q¥<@EL;cUuT>?�i];=C]Q}qX<@EL?�TD?«GJTD?�Q9C
bLµ,?�AB^�C];=Qh<DU�;=Q�<DE9?¢SJ?�T><D;cI�GJK`AL;cTD?�I�<D;cC]Q}qd<DE9?�T>?�FaC]T>?¢<@EL?¢SYGJKc7L?¢CJF�<@E9?u�uGJ:�;cK|<@C]Q9;cGJQx;cQLI�TD?�GJUD?�U
C]TlA9?�I�T>? GJU>?�Uu:�C]Q9CY<@C]Q9;=I GJK=K=M$;=Q�?�;=<DE9?�TpUD;=A9?J~

�à<wÆ ? ��� � ������������ �³����
�����������'ú� � %ú�y#������ ;
r Q�<DE9;cU�T>?�i];=C]Q�<DE9?p<@C]T>79U�E9GJU	<DE9?RUD;c:�^9K=?�U><�FaC]T>:�~f�lE9?RA9?�FaC]T>:�?�A�<DC]TD79U	;cU�Uo<@;cK=KXGJK=;c¡J?l<DC�<@EL?
C]T>;ci];=QXGJK�K=;cQ9?�GJTe?�KcKc;=^L<@;=I GJK{<@CJTD79U�~��RC¤ �?�SJ?�T�q` �?Z �GJQd<p<@C�79Q9A9?�TDU><@GJQ9A�<@E9?Z8`?�GJ:Ö^9T>C]^�?�T><D;c?�U
;cQ�<DE9;cU�TD?�iJ;cC]Q�;=QëA9?�<@GJ;cK�8`?�I GJ7LUD?B<@E9?B?�:�;|<D<@GJQ9I�?�:�?�GJUD7LTD?�:�?�Qd<x p;=KcK�8�?BGJ^L^9Kc;=?�Aë;cQ�<@E9;=U
TD?�i];cCJQ}~ r <p;cUpGJK=UDCx<@EL?Z89GJUD;=Up<DC$79Q9A9?�TDU><@GJQ9A�<@E9?W^9T>C]^`?�T><D;c?�Ul;=QB<@E9?WCJ<DE9?�Tl<N �C�T>?�i];=C]Q9U�~



7�m 7jPÎ8:9 ���)� 9 �;���Hÿ! "�
�Oÿ 0 ÿ��� 9 ���2�_�¤õ$���¯���f��B�ÿ�ñ���������ô�ÿ��	��ÿD =���¤õ$���

−2e−05 −1e−05 0 1e−05 2e−05
J (Ψ=π/2)

−4e−08

−3e−08

−2e−08

−1e−08

0

1e−08

H

−2e−05 −1e−05 0 1e−05 2e−05
J (Ψ=0)

−1e−08

−5e−09

0

5e−09

1e−08

H

Nlõ#� 9 �¤ÿ 7jP½QjÐ �lE9?y�¢GJ:�;=K=<DC]Q9;_GYQ«SJGYKc79?¢GJU�Fa79Q9I�<D;cC]Q�CJFO¹�FaC]T�<DE9?uK=?�Fã<�^9KcCJ<	CJF�zn;ci9~hw,~H-9~n�lE9?
^XGJT@GY:�?k<@?�T>Uy79U>?�A©GJTD?¡��ÙoÙ\� ÛytJvJv?���¡�êv?� v]v * �[Ü¢Ý��êv?� v]v]vIF\~W��?kFã<�^9K=CJ<y;=U
FaC]Te<@E9?�SJ?�T><D;cI�GJK�A9;cT>?�Ik<@;cCJQ�GJQ9A�TD;ciJEh<p^LKcCJ<l;=UeFaC]Te<@EL?ZELC]TD;=±�C]Qd<[GYK}A9;cT>?�Ik<@;cCJQ}~

� ?uGJidGJ;=Q�<@GJ¡J? �«à�Û¢Ü¢Ý	GJQ9AO��ÙoÙWà3v�GYUeGJQ"?¶µLGJ:�^LKc?J~�z{CJT�GZi];=SJ?�QB�¢GJ:�;=K=<DC]Q9;_GYQ}qJ<@EL?
GJIk<@;cCJQ�;=Uli];=SJ?�Q�8dM

ª!� *��ÙoÙ�® Û Ó(�läáÜ¢Ý\I�C]U`tC��ÔfÛ Ô Ó$�lä®Ü¢Ý,I�CJU�tC�eÔ � ä/t���Ù>Ù`� ¯ � Ó�wL~ * -hÔ
·¢CY<@?�<@E9?Z�¢GJ:�;=K=<DC]Q9;_GYQ§;cUpGYK= �GªM\UpKc?�UDUl<@E9GJQ�±�?�T>C9~

�lE9?�GJTD?�G$?�Q9I�K=C]UD?�A¥8dM"<DE9?�<@C]T>79UpI GJQ�8`?�I�GJKcI�79K_G¦<@?�A�GJU
�«Ó(��Ô � � ª Ì �

� � �dá
ß Ì � *��Ù>Ù ® ÛâÓ$�lä®Ü¢Ý,I�CJU�tC�eÔnÛ Ô Ó(�läáÜ¢ÝLI�C]U�tC��Ô � ä/t���ÙoÙ`� ¯ � Ó�wL~ * F]Ô

r Q�<@E9?�Kc?kFã<�FaT@GJ:�?xCJF�zn;ci9~}wL~îE§<DE9?§GYTD? GB;=UZ^LKcCJ<><@?�A©GJi]GJ;cQ9Uo<�<@E9?��uGY:�;=K=<@CJQ9;_GJQ�~«6,;=Q9I�?$<@EL?
GJT>? G�;cQ²^9EXGJU>?�U>^XGJI�?�T>?�^9T>?�UD?�Qd<@U§?�Q9?�T>iJM]q�C]Q9?B �CJ79KcAá?kµ,^�?�I�<§G�Kc;cQL? GJT«T>?�KcGY<@;=C]Që8`?k<N �?�?�Q
GJT>? G"GJQLA�<@E9?«I�C]TDT>?�U>^`C]QLA9;cQ9i��¢GJ:�;cK=<DC]Q9;cGJQ}~R�¢Cª �?�S]?�T�q}<DE9?xI GJK=I�79KcGY<@;=C]Q�TD?�U>79K=<uUDE9Cª pU�<@EL?
TD?�K_GY<D;cC]QB;=UlQ9CJ<pU>;c:�^9K=M�Kc;=Q9? GJT�~
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79UD?�A½GJTD?i��Ù>ÙD� ÛutJv]v?���[� Û¢v?� v]v * �@Ü¢ÝO�Ív?� v]vdt,~/��?kFã<§^LKcCJ<�;cUxFaC]T$<@EL?
S]?�To<@;=I GJK�A9;=TD?�I�<@;=C]Q�GJQ9A�TD;=i]Ed<p^9KcCY<l;cUeFaC]Te<DE9?WE9C]T>;c±�CJQh<@GJK}A9;=TD?�I�<@;=C]Q}~

s K|<@E9C]7Li]EB<@E9?�<@CJTD79Up;cUlQLCJ<p?�K=Kc;c^,<@;cI�GJK.qd �?�I�GJQ�U><@;=KcK`A9?�bXQL?Z<DE9?ZGJUD^�?�Ik<¢TDGY<@;=C$GJU

�$Ó(��Ô;� « tª5ü5ý9ß« tª5üIý á Ã � �
Ô �eä®Ü¢Ý}ä « Ó$�lä®Ü¢Ý>Ô � ä®t���Ù>Ùh�
Ô �uÛ²Ü¢Ý}ä « Ó$�uÛ²Ü¢Ý>Ô � ä®t���ÙoÙ`� � Ó�wL~ * .dÔ

s I�I�C]T>A9;cQLi$<DC�<DE9?Z�uGJ:�;cK|<@C]Q%+ U�?�gh7XGY<D;cC]Q9U�q9 �?W¡hQ9Cª »�@�ÿ�läáÜ¢Ý,I�C]U`tC��ä *
t ��Ù>Ù	ªV�ºÛ Ô Ó(�läáÜ¢Ý,I�C]U�tC��Ô � ä/tC��ÙoÙh�^� Ó�wL~ * E]Ô

�lE9?$:�;cQh79U�UD;=i]Q�:�?�GJQ9U�<@EL?�^9GJT><D;cI�K=?«:�C¤SJ?�UWI�K=C,I[¡d p;=UD?$;cQ®Ó¿ª_�å��Ôu^9EXGJU>?$UD^XGJI�?J~ s Q9A�<@EL?
^�?�TD;=C,AB;=Upi];=SJ?�Q�8dM

× Ó$��Ôç� � Ì �~ »�$~ � � �dá
ß

Ì �« Ó(�läáÜ¢Ý,I�C]U�tC��Ô � ä®t���ÙoÙ`� � Ó�wL~ * �dÔ
�lE9?�TD?�FaCJTD?¥CJQ9?¥I�GJQ/I�GJKcI�79K_GY<D?B<@E9?�<@79QL?¥8dM�ØWÓ(��ÔO��t	Ï�� × Ó(��Ôk~3�lE9?�<@79QL?�SJ?�TDU>79U"<@EL?
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<@79Q9?	CJF,<@E9?	�uGY:�;=K=<@CJQ9;_GJQ�~�·¢CJ<D?�<@E9?�<@79QL?�GY<qªV� vpi]C\?�UO8XGJI[¡y<DC « � � Û²Ü �Ý ~
mnGJTDGJ:�?k<@?�TDUp79UD?�A�GJT>?���ÙoÙ¨�ºÛutJv]v_�¨���ÇÛuv_� v]v]t_�RÜ¢Ýq��v_� v]v * ~

�uGY:�;=K=<@CJQ9;_GJQ�;cUpGJK=UDC$^9K=CJ<D<D?�A�;cQ�zn;=i9~XwL~GE,~�·RCJ<@?�;|Fç�<��v,qL �?ZEXG S]?

× Ó$�Ql � ñ)&;m � Ô;� � �dá
ß

Ì �~ú�läáÜ¢ÝLI�C]U�tC�b~ � t�Ï« � � Û�Ü �Ý � Ó�wL~ * 4dÔ
 pE9;=I[E¥GJiJTD?�?�Ul p;=<@EB<DE9?WTD?�U>79K=<RCJFO<@EL?ZK=;cQ9?�GJTl�¢GJ:�;=K=<DC]Q9;_GYQ}~

�à<Cn � �u�«� o�'�
�����n��� ��# � � %ú�y#������ �
��?�KcCª �<@EL?�89;|Fa79TDI�GY<@;=C]Q�<@E9T>?�U>E9C]KcAZ<@E9?	?�:�;=<><[GJQLI�?�;cU�Fa79KcK|My^9T>?�U>?�T>SJ?�Ax pE9?�Q� �?eGJA9;cGJ8XGY<D;cI�GJKcK|M
I[EXGJQLi]?u<@EL?u^XGJTDGJ:�?�<@?�TDU�CJF�<@E9?¢T>F�gh7XGJALTD79^�C]Kc?Y~ � EXGY<�EXGJ^9^�?�QLUlGY<�<DE9?u8L;=Fa79T>I GY<D;cC]Q�^`C];=Qd<Cp
mnGYT><@;=I�K=?�UD;c:�79K_GY<D;cC]Q� eGYU¢A9CJQ9?�<@C$U><D79ALMB<@EL?Z8�? GY:Ö^9TDCJ^`?�T><@;=?�UpGY<p<DE9?W89;=Fa79T>I GY<D;cC]Q§^`C];=Qd< ~

s Uy;=U¢U>E9Cª pQ�;cQ�zf;ci9~�wL~H4Lq{<@E9?�8`?�GJ:ú:�GJQ9;=^979KcGY<@;=C]QB^9TDC\I�?�A979T>?«i]C\?�UyGYUuFaC]KcK=Cª pUR;=Q¥<@EL?
^XGJTo<@;=I�Kc?¢UD;=:«79K_G¦<@;cCJQ}~f�lEL?�T>FOgh7XGJA9T>79^`CJKc?y;=Ue;cQ9;|<@;cGJKcK|M«GJAL;_GJ8XG¦<@;cI�GJKcK|M«<@7LTDQ9?�A�CJQ"<@C$G«^9T>?�UD?k<
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^XGJTDGJ:�?�<@?�T�~/z{CJT�G�UD:�GJK=Kc?�T«Ü¢Ýx^XGJTDGJ:�?�<@?�T�q�C]Q9?�EXGJU$<@C©UD?�<�<@EL?V��^XGJTDGJ:�?�<@?�T$Q9? GJT$<@EL?
89;|Fa79TDI�GY<@;=C]Q¥CJF�w¦�N;=UDK_GYQ9A¥T>?�i];=C]Q�<DC"i]?�<¢<@E9?�A9?�U>;cTD?�A�GJI�<D;cC]Qi�h¸¹µGºJ~u�lE9?«T>?�U>79K=<D;cQ9i"?�:�;|<D<@GJQ9I�?
A9;=Kc7L<D;cC]Qá8`?�I�C]:�?�U�S]?�ToM½K_GYTDi]?Yql8`?�I GJ79U>?�UDC]:�?¥^9GJT><D;cI�K=?�U§GJTD?�U>gh79?�?�±�?�A C]7L<§CJFZG�8979I[¡Y?�<
;cQd<DC�GYQ9CJ<@EL?�T�8979I[¡Y?�<�~§�lE9?�GJA9;cGJ8XGY<D;cI�GJKcK|M�I�C]Q9A9;|<@;=C]Q�;cU�Q9CY<�Fa79K=bXK=Kc?�A}q�GJQ9A�<@EL?�?�:�;|<D<@GJQ9I�?
A9;=Kc7L<D;cC]Q";=Ul;cQ9?kS\;=<[GY89Kc?Y~



7jP½X bK���#��e��f���2�gZ�õ(�h�&�Yõ#� 9 �¤õ#���²õ(�¥��ÿ���� 7�P�à</t � �����uu� ����� �Í� 'f����� ���¥������� � � �°�u�«�

�	��v	��
 wx�X�%j yc�#@���z'$��M�Z�VS�!Vfeg�Z���h{Y���|}iW�%j}�&���VG����%�
s U$ �GJU�AL;cUDI�79UDU>?�A3;=Q3��E9GJ^L<@?�T��e �C9qe;|F�G�U>M\U><D?�: ;cU$i]CªSJ?�TDQL?�A38dMáG©<D;c:�?k�Þ;cQ9A9?�^`?�Q9A9?�Qh<
�uGY:�;=K=<@CJQ9;_GJQ�qdGJI�I�C]TDAL;cQ9i�<DC«<@E9?¢�yK_GYUDCªS���gh7XG¦<@;cCJQ}q,<DE9?y?�gh79;=Kc;=89TD;=79:é^XGJTo<@;cI�Kc?RA9;cUo<@T>;c897L<D;cC]Q
:«79Uo<Z8`?�GBFa79Q9I�<D;cC]Q�CJF	<@EL?§�¢GJ:�;=K=<DC]Q9;_GYQ}~��lEL?§��CJK=<@±�:§GYQ9Q�A9;cUo<@TD;=897L<D;cC]Q�;=U�C]Q9?$CJF�UD79I[E
A9;=U><@T>;c897,<@;cCJQ9U�~ r Q�<DE9;cU�UD?�I�<D;cC]Q}qd �?uGYTD?pi]C];=Q9iy<@CZA9;cU>I�79U>U	<DE9?RI�C]Q9AL;=<@;=C]Q9U� pE9;=I[E�K=? GJA$<@CW<@EL?
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¾ ¨ Ó$��Ôq� *Ü Á ±WÑ~�� � Ó�wL~ tJvdÔ

 pE9?�TD?ÎÜ*;=U}<@E9?�Q9CJTD:�GJKc;=± GY<D;cC]QRFHGJI�<DC]T�GJQ9A�� ° ;cU}<DE9?�<@E9?�TD:�GJKd?�QL?�TDiYM�CJF\<@E9?�8�? GJ:ÐiJC¤SJ?�T>Q9?�A
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UD^9GJI�?Z;cUli];|S]?�Q�8dM

�u�þì¤Ù�ª]ÙC� Ó�wL~ t]t]Ô

��C]:�^XGJT>;cQ9i$��g{~OÓ�wL~ tJvdÔ� p;|<@E���g{~nÓHwL~ t * ÔeGJQ9A���g{~fÓ�wL~ t]t]Ô¶q9C]Q9?WC]8L<@GJ;cQLU

� ° �yØ�´Dß�� Ó�wL~ tJwdÔ

GJQ9A

¾ ¨ Ó$��Ô;� *
t	Ï>´Dß Á ±|Ñ� Ü � � Ó�wL~ tC-hÔ
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ÍsÂ=Ês¼¿ÈA¼¿¾~ÖPÍÉÃPÂ�»ÉÃ�»�ÍsÂbçÁ¼¿ÔÁãóäõàâ¼�ÊÉØ3çÁØ�Â�»½Ã
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ÊsØ~Ã9ã¿¼¿¾~Ã*Â�ÍWËøÂbÊsØ~¼¿Ã�Ã�çÁØÁÂ�»ÉÃ îg»ÉçÁÂ�ÖPÃoÔÁ¼�»½ÊsÈ�Í½Ês¼�È.¾ Ý úÕØÁÃoÃZ�K¼¿»ýÊsÃP¾~ÖPÃoÈ�íHÈKÖeÊ-ÃÁç�È.ã�Ã�ÖPÈ.ÅAç�È.¾ÁÃP¾UÊâÖPÂ�¾



��� z�Û)êìë|ë|{~}ËÝ[�F��}~�d�?���,í�îðïòñ����8ó�����ë)�d{~�

−0.04 0 0.04
x (m)

−0.004

0

0.004

x / 

−0.02 0 0.02
x (m)

−0.002

0

0.002

x/ 

Turn = 0

Turn = 500

Turn = 1000

500
Turn = 0

ï�}kô����T�Nz�Û�� õ úÕØÁÃÏã¿Ã�í�ÊHçÁã�È�ÊH»ÉØÁÈ�àâ»�ÊÉØ�ÂbÊ!ÊsØ~Ã U \¥� n ÃPã�ã¿¼�çÁ»ÉÃ�àâ¼�ã¿ãUÃ�á�È.ã�á�Ã@àâ¼óÊsØ���ãôÂ�ÅAÃP¾UÊsÂbÊs¼�È.¾ Ý
úÕØÁÃâÍÉ¼¿À�Ø�Ê�çÁã¿È�Ê�»ÉØÁÈ�àâ»6ÊsØÁÃâÃ�á�È.ãºÃKÊs¼¿È�¾öÈ�í(ÊÉØÁÃ+\ n ÃPã�ã¿¼�çÁ»ÉÃÄàâ¼óÊsØAÂ�¾Ñ¼¿¾~¼�Ês¼¿Â�ã�çÁØ�Â�»½Ã
¼¿¾UÊsÃ�¾�ÊÉ¼¿È.¾ÁÂ�ã¿ãóäþ»ÉÃeÊºÂ=Ê � I �fq ] K?S�ê Ý ª�ÃÌÈ.Ò~»ÉÃPÍýá.ÃNÂ Å_ÃÁÖ8Ø$ãôÂ�Í½À.ÃPÍÑÒ�Ã*Â�Å��ãôÂ�ÅAÃP¾UÊsÂbÊs¼�È.¾ Ý 
ÄÃPÖPÂ6ÃÁ»ÉÃ�È�íÕÊÉØÁÃ�ËøÂ=ÊsØÁ¼�Ã�Ãþ¼�»ÉãôÂb¾ÁÔþ¼¿»éØÁ¼¿À�ØÁã�ä ¾ÁÈ�¾Áã¿¼�¾ÁÃ*Â�Í Â ÊsØ~Ã
ÃPã¿ã�¼¿çÁ»½Ã�¼¿»WÊÉ¼¿À.ØUÊÉã�äAàâÍsÂ�çÁç�ÃPÔ Ý

Ö8Ø�Â�¾~À.ÃéÊÉØÁÃ�Âb»Éç�ÃPÖ�ÊJÍsÂbÊÉ¼¿ÈAÂ�¾ÁÔøã¿¼¿ÅA¼�Ê@ÊsØÁÃæÒ�ÃÁÖX�bÃ�Ê9»½¼m��Ã Ý5� ¼�À Ý j Ý Ù »ÉØ~È"àâ»,ÊsØÁÃ�Â�»Éç�ÃPÖeÊJÍÉÂbÊs¼�È×Âb»
Â
í×ÃÁ¾ÁÖeÊs¼¿È�¾÷Èbí�Ó Ã í�È.ÍÕÔÁ¼ã�èÃ�ÍÉÃP¾UÊ,¾ÁÈ.¾~ã¿¼¿¾~Ã*Â�ÍWÔ~Ã�Ê-Ã~¾Á¼¿¾ÁÀAç�Â�ÍÉÂ�ÅAÃ�ÊsÃ�Í ¿ ÷ ÷ Ý
ª3«yx z|{Aµ9¹6´<�Y® °P³~} ·��N°*³ ¹6µ�·F�A³3²
³N´âµ9·
úÕØÁÃ »Éç~¼¿¾ ÅYÈbÊs¼¿È�¾ ¼¿¾ ÃPã�ÃPÖeÊsÍÉÈ�Å×Â�À�¾ÁÃ�ÊÉ¼¿ÖN��Ã�ã¿Ô ¼¿»õÀ�È"á�ÃPÍ½¾ÁÃPÔiÒUä ÊsØÁÃ úÕØÁÈ�Å×Â�»{î2
ÕË÷ú¢ÃPù"Ã�Â"î
Ês¼�È.¾�Û\ ñ Â \ Ù ÜdK��d[� I A"$� ��	ù  Î \^]�� " Ð)��K��] Î \^]��éÐG���� ] Î�� " ] "" ]â\ Ð ��Ñù ��� ® Í Î~j Ý ê�ñ Ð
àâØÁÃ�ÍÉÃ;�� ¼�»�ÊsØ~Ãõ»ÉçÁ¼�¾þá.ÃPÖeÊsÈ.ÍÑÈ�í�Â3ç�ÂbÍ½Ês¼�ÖPã�Ã×¼¿¾þÊÉØÁÃõç�Â�ÍýÊs¼�ÖPã¿ÃYÍÉÃ�»½Êöí�ÍsÂbÅYÃ Â ��K� Â�¾ÁÔ �� � Â�Í½Ã
ÊsØ~Ã�ÊsÍÉÂ�¾Á»½á�ÃPÍ½»ÉÃÑÂ�¾ÁÔøã¿È.¾ÁÀ�¼�Ê-Ã~ÔÁ¼¿¾�Âbã1ÖPÈ.ÅAç(È�¾ÁÃP¾UÊs»JÈ�í�ÊsØ~Ã
Å×ÂbÀ.¾ÁÃ�ÊÉ¼¿Ö���ÃPã�ÔÁ»J¼�¾øÊsØ~Ã
ãôÂ�Ò�È.ÍÉÂbÊsÈ.Íýä
í�ÍsÂbÅYÃ9àâ¼�ÊÉØøÍ½ÃP»Éç�ÃPÖeÊ�ÊsÈ �� � Â ÊsØÁÃoá.Ã�ã¿ÈqÖP¼óÊgäÌÈbí�ÊsØ~Ã�ç�Â�ÍýÊs¼�ÖPã¿Ã Â �� »ýÊ8Â�¾ÁÔ~»Jí�È.ÍÕÊsØÁÃéÃPã�ÃPÖ�ÊÉÍÉ¼�Ö���Ã�ã¿Ô Â



z�Û�à��W�d�Ê��Ý[�d£¤}~��ô¨� ë|}~�%�T�=�t�����8�?Ý[��� ���

0 0.0005 0.001 0.0015
C1

1

1.5

2

2.5

3

As
pe

ct
 R

at
io

ï�}kô����T�Nz�Û�O õ úÕØÁÃ�Â�»Éç�ÃPÖeÊøÍÉÂbÊs¼�È�Ö8ØÁÂ�¾ÁÀ.Ã�»øÂ�»ÌÂ�í×ÃÁ¾ÁÖ�ÊÉ¼¿È.¾iÈ�íÈÓ Ã ÂbÊ�ÊÉØÁÃ�ç�È.¼�¾�Ê)D[X b q I�=× � ù \��Êú&V Ý Ò I � × �[� ê Â í�Í½È.Å ÊsØÁÃu¼¿¾Á¾~ÃPÍ ÊÉÈ ÊÉØÁÃÓÈ)Ã~ÊÉÃPÍ ¿ ÷ ÷ I
Ô \����[� Í Ô ñ �[� Í Ô ¡ ��� Í Ô jÂ�[� Í Ô ê �[�Ñ¼¿¾Ì»ÉÃ�ù@Ã~ÃP¾ÁÖ�Ã Ý úÕØÁÃ
ÖIÃÁÍ½á�ÃöÃP¾ÁÔÁ»�àâØÁÃP¾NÊsØ~Ã
ÃPÔÁÀ.ÃoÈ�íHÊsØ~ÃæÒ�ÃÁÖX��ÃeÊ�¼¿»ÕÍ½Ã*Â�Ö8Ø~ÃPÔ Ý

�4I Î�� Ô ê Ð S.ê ¼�»ÏÊÉØÁÃ9Æ�Â�ÃÁã¿¼(Â�¾ÁÈ.ÅYÂ�ã�È)ÃÁ»N��îÞíDÂ�Ö�ÊÉÈ.Í Â áèIò\ Ý�° ÙUê�ñ j ° jéí�È.Í@çÁÍÉÈ�ÊÉÈ.¾Á» Â Â�¾ÁÔ "��7� Ä¼¿»WÊÉØÁÃoÃP¾ÁÃ�ÍÉÀ�ä�Èbí�ÊÉØÁÃoç�Â�Í½ÊÉ¼¿Ö�ã¿Ã Ý
ëg¾�»½äq¾ÁÖ8ØÁÍ½È�ÊsÍ½È.¾Á»
ÊÉØÁÃ×ÔÁÈ�ÅY¼�¾�Â�¾UÊéÊÉÃPÍ½Åÿ¼�¾�ÊsØ~Ã×»Éù"Ã�ÂbÍÉÃõÒÁÍÉÂ�ÖX��ÃeÊö¼¿»æÊsØÁÃ���ÍÉ»ýÊ
ÊsÃ�ÍÉÅ Â Ä�×BA[× Â

ÊsØ~Ã Ö�È.¾UÊsÍ½¼¿Ò�Ã~ÊÉ¼¿È.¾ Ô�ÃÁÃNÊsÈ�ÊsØÁÃ À)Ã~¼¿ÔÁ¼�¾ÁÀ�ÔÁ¼¿ç�È.ã�ÃN��ÃPã�Ô ÔÁÈ.ÅA¼¿¾�ÂbÊÉÃP» Ý úÕØÁÃPÍ½Ã�í�È.Í½Ã ÊÉØÁÃ ¼¿¾Á¼óÊs¼¿Â�ã
ç�È.ãôÂ�Í½¼m�PÂbÊs¼�È.¾�¼�»�ÃÁ»�Ã�Âbã¿ã�äé¼¿¾öÊÉØÁÃÕá.ÃPÍýÊs¼�Ö*Â�ãÁÔ~¼¿ÍÉÃ�Ö�ÊÉ¼¿È.¾ Ý l�È�ÊÉÃÕÊsØÁÃÕ»½çÁ¼¿¾AçÁÍÉÃ�ÖPÃ�»É»ÉÃ�»WÂbÊÏÂ9»½çÁ¼¿¾KîÞÊ-ÃÁ¾~Ã
È�íI� " Â Ô�ÃÁÍ½¼¿¾ÁÀÕÊsØ~Ã&ç(È.ã¿Â�ÍÉ¼��PÃ�Ô9Ò(ÃPÂ�ÅQÂ�Ö�ÖPÃPã�ÃPÍÉÂbÊs¼�È.¾ Â ÊsØÁÃ6»½çÁ¼¿¾KîÞÊ-ÃÁ¾~ÃÏÅYÂ*ä�»ýàÄÃ�ÃPçéÊÉØÁÍÉÈ6ÃÁÀ.ØæÅ×Â�¾Uä
»Éç~¼¿¾�Ô~ÃPç�È.ãôÂ�Í½¼m��¼¿¾ÁÀõÍ½ÃP»ÉÈ�¾�Â�¾ÁÖ�ÃP» Ý úÕØÁÃ�ÍÉÃ×Â�ÍÉÃÑÊgàÄÈ³��¼¿¾ÁÔÁ»éÈ�íW»½çÁ¼¿¾�ÍÉÃ�»ÉÈ.¾�Âb¾ÁÖPÃ�» Â ¼�ÅYç�ÃPÍýí�ÃPÖ�ÊÉ¼¿È.¾
Â�¾ÁÔN¼�¾UÊsÍÉ¼�¾Á»É¼�Ö Ý ëgÅAç(Ã�Í½í�Ã�Ö�Ês¼�È.¾3Í½ÃP»ÉÈ�¾�Â�¾ÁÖ�ÃA»ýÊsÃ�ÅY»Jí�Í½È.Å ÂºÔÁ¼¿»ýÊsÈ.ÍýÊsÃPÔNÖ�ã¿È.»½ÃPÔNÈ.Í½ÒÁ¼�Ê Â È.¾3àâØ~¼¿Ö8Ø
ÊsØ~ÃøØÁÈ.Í½¼m��È.¾UÊ8Â�ãâÅYÂ�À.¾ÁÃeÊs¼¿Öð��Ã�ã¿Ô ¼�»Y¾~È�Ê���ÃPÍ½È Ý úÕØ~ÃPÍÉÃeí�È.ÍÉÃøç�Â�Í½ÊÉ¼¿Ö�ã¿ÃP»AÍÉÃ�ÖPÃ�¼�á.Ã3Â ��¼¿ÖX�#Ã�á�ÃPÍýä
ÍÉÃeá.È.ãÇÃ~Ês¼�È.¾ Ý úÕØÁÃöÍÉÃ�»ÉÈ.¾ÁÂ�¾ÁÖPÃÑØ�ÂbçÁç(Ã�¾Á»9àâØÁÃP¾�� " ¼�»9Â�¾ ¼¿¾UÊsÃ�À.ÃPÍ Ý ëg¾UÊÉÍÉ¼¿¾~»É¼¿Ö�ÍÉÃP»½È.¾�Â�¾~ÖPÃP»éÂ�Í½Ã
ÔÁÍ½¼�á.Ã�¾ÌÒUäõÊÉØÁÃoØÁÈ.ÍÉ¼��PÈ.¾UÊsÂ�ãGÅYÂ�À.¾ÁÃeÊs¼¿Ö���ÃPã�ÔøÂ�Í½¼¿»½¼¿¾ÁÀ�í�Í½È.Å�ÊÉØÁÃoÒ(ÃPÂ�ÅÓÒ�Ã�Ê8Â=ÊsÍÉÈ�¾÷ÅAÈ�ÊÉ¼¿È.¾ Ý úÕØÁÃ



�,� z�Û)êìë|ë|{~}ËÝ[�F��}~�d�?���,í�îðïòñ����8ó�����ë)�d{~�
ÍÉÃ�»ÉÈ.¾ÁÂ�¾ÁÖPÃ@ÖPÈ.¾~ÔÁ¼�ÊÉ¼¿È.¾o¼¿»�� " Ipc=Æ7] wT� Â àâØ~ÃPÍÉÃ0cæ¼�»!¼¿¾UÊsÃ�À.ÃPÍ Â Æ$¼�»HÊÉØÁÃ@»�ÃÁç�ÃPÍýî]ç(Ã�ÍÉ¼�ÈKÔo¾"ÃÁÅ
Ò�ÃPÍ Âw�� ¼�»�ÊsØ~ÃÄá.Ã�Í½Ês¼�Ö*Â�ãKÊ-ÃÁ¾ÁÃ Ý úÕØÁÃW¼�ÅYç�ÃPÍýí�ÃPÖeÊs¼¿È�¾�ÍÉÃ�»ÉÈ.¾ÁÂ�¾ÁÖPÃÕÖPÂ�¾ÑÒ(ÃÄÈ"á�ÃPÍ½ÖPÈ.ÅAÃWÒUäöÂ�»½çÁ¼¿¾Kî^��¼¿ç~çÁ¼¿¾ÁÀ
»É¾ÁÂ���Ã.Û ê \ Ü�Ý úÕØÁÃoú�ÃÁ¾~Ã���ÃÁÅAç÷ÅYÃeÊsØÁÈqÔ�Ö*Â�¾÷Ò(ÃòÃÁ»½ÃPÔ÷ÊsÈYÂ�á�È.¼¿Ô�¼�¾�ÊÉÍÉ¼�¾Á»É¼�Ö9»ÉçÁ¼�¾ÌÍ½ÃP»ÉÈ�¾�Â�¾ÁÖ�ÃUÛ ê � Ü Â
ØÁÈ�à@Ã�á.Ã�Í Â ÊsØÁÃö¾ÁÈ�á�ÃPã&Í½í@ÔÁ¼�ç(È.ã�Ã�ÅAÃ�ÊÉØÁÈKÔNÊ�ÃÁÍÉ¾ÁÃ�Ô�È6Ã~Ê�ÊsÈ�Ò�ÃöÅYÈ�ÍÉÃ
í�Ã*Âb»É¼¿Ò~ã¿Ã Ý úÕØÁÃÑ¼¿Ô~Ã*Âõ¼¿»JÊÉÈ
À.Ã�¾ÁÃPÍÉÂbÊsÃoÂ
Ö�È.ØÁÃPÍ½ÃP¾UÊâÔÁ¼�ç(È.ã�ÃJÅAÈ�Ês¼�È.¾ºÂb¾ÁÔõ¼¿¾ÁÔ�ÃÁÖPÃ9»½çÁ¼¿¾���¼�çºÊsÈöÅAÈ.»½ÊÄç�Â�ÍýÊs¼¿Ö�ã¿Ã�»W¼¿¾×ÊÉØÁÃ9Ò�Ã*Â�Å
ÊsØ"ÃÁ»�çÁÍ½ÃP»½ÃPÍ½áq¼�¾ÁÀ�ÊÉØÁÃNç�È.ãôÂ�Í½¼m�PÂbÊs¼�È.¾!Û ê ÜÞÝÑY ¾~í�È.ÍýÊ-ÃÁ¾�Â=ÊsÃPãóä Â ÊsØÁÃ Ö�È.ØÁÃPÍ½ÃP¾UÊ÷ÔÁ¼¿ç�È.ã�ÃøÃZ�KÖ�¼�Ê8Â=Ês¼¿È�¾
çÁÍ½ÈKÔ�Ã~ÖPÃP»YÊgàÄÈ�¾ÁÃPÂ�ÍÉãóä#È�á.ÃPÍ½ãôÂ�ç~çÁ¼¿¾ÁÀ�»ÉçÁ¼�¾KîgÍ½ÃP»ÉÈ�¾�Â�¾ÁÖ�ÃP» Â Ä!×�A[× ÊsØÁÃÌ¼¿¾UÊsÍ½¼¿¾Á»½¼¿Ö÷»ÉçÁ¼�¾$ÍÉÃ�»ÉÈ.¾ÁÂ�¾ÁÖPÃ Â
Â�¾ÁÔ#ÊsØ~ÃÌ¼�¾ÁÔ�ÃÁÖ�ÃPÔ�»ÉçÁ¼�¾�Í½ÃP»ÉÈ�¾�Â�¾ÁÖ�Ã Ý !q¼¿¾ÁÖ�ÃÌÂb¾�Íýí�ù"Ã�Â�ÔÁÍ�ÃÁç�È.ã¿Ã�Ö*Âb¾$Â�ã�»ÉÈ ¼¿¾~Ô�ÃÁÖPÃ÷ÖPÈ�ØÁÃPÍ½ÃP¾UÊ
ù"Ã�Â�ÔÁÍ�ÃÁç�È.ã¿Ã�ÅAÈqÔÁÃJÈ.»½ÖP¼�ã¿ãôÂ=Ês¼¿È�¾ Â ¼�ÊÏàÄÈ6ÃÁã¿ÔõÒ�Ã�¼¿¾UÊÉÃPÍÉÃ�»½ÊÉ¼¿¾ÁÀ�ÊÉÈöÃZ�~Â�ÅA¼¿¾ÁÃ,ÊsØÁÃJÖ*Â�ç�ÂbÒÁ¼¿ã�¼�ÊgäÑÈ�í!ÊsØ~Ã
Í½í�ù"Ã�Â�ÔÁÍ�ÃÁç�È.ã¿ÃoÈ.¾õÊsØ~Ãæ»½çÁ¼¿¾qîgÍÉÃ�»ÉÈ.¾ÁÂ�¾ÁÖPÃæÖPÈ�ÅYç�ÃP¾Á»ÉÂbÊs¼�È.¾ Ý

ú�È,È�á.Ã�ÍÉÖPÈ�ÅYÃÏ»ÉçÁ¼�¾oÍÉÃP»½È.¾�Â�¾~ÖPÃ Â àÄÃ6à@È.Í���àâ¼óÊsØ9ÊsØÁÃ6¾ÁÈ�¾Áã¿¼�¾ÁÃ*Â�ÍHËÌÂbÊsØÁ¼�Ã�Ão¼¿¾~»½Ê8ÂbÒÁ¼¿ã�¼�Êgä�»ÉØÁÈ�àâ¾
¼¿¾ � ¼¿À Ý ò Ý ê Ý ðJ»oÔÁÃ�»ÉÖ�ÍÉ¼¿Ò�ÃPÔ ¼¿¾ ìÄØ Ý ò Â ÊsØÁÃöÒ�Ã*ÂbÅ ¼¿»�ÅAÈ�á.Ã�Ô�»½ã¿È�àâã�äÌÊsÈ�Â*á.È.¼�ÔåÃÁ¾Á¾ÁÃ�ÖPÃP»½»sÂ�Íýä
ÃPÅA¼�Ê½Ê8Â�¾~ÖPÃ,ÔÁ¼¿ãÇÃ~Ês¼�È.¾ Ý ëg¾×ÍÉÃPÀ�¼¿È.¾ ê Â ÊÉØÁÃJ»ýÊ8Â�ÒÁã�Ã��F�KÃ�Ôõç(È.¼�¾UÊWÒÁ¼óí×ÃÁÍÉÖPÂbÊsÃ�»Ä¼¿¾UÊÉÈéÊgà@Èö»½Ê8ÂbÒÁã¿Ã �F�KÃPÔ
ç�È.¼¿¾UÊs» Ý ëg¾YÊÉØÁ¼¿»6Í½ÃPÀ.¼�È.¾ Â ÊsØÁÃPÃÁ¾Á»ýÊ8Â�Ò~ã¿Ã5�F�KÃPÔºç�È.¼¿¾UÊÏ¼¿»6ã�ÈKÖPÂbÊsÃ�Ô×ÂbÊ�D[��S�U´Ip� Ý 
ÄÃPÖPÂ6ÃÁ»½Ã�Â�ã�ã�ç�Â�Íýî
Ês¼�ÖPã�ÃP»6ÃZ�KÃPÖIÃ~ÊsÃJÖPÈ.ØÁÃ�ÍÉÃ�¾�ÊWÒ(ÃeÊ8ÂbÊÉÍÉÈ.¾Yù@ÃÁÂ�ÔÁÍ�Ã~ç(È.ã�Ãeî]ÅYÈqÔÁÃÕÈ.»½ÖP¼¿ã�ãôÂbÊÉ¼¿È.¾~» Â ÊÉØÁÃJÒ�Ã*Â�Å�ç�È.ã¿Â�ÍÉ¼��*ÂbÊÉ¼¿È.¾
Ö*Âb¾ÌÒ�ÃoÅ×Â�¼�¾UÊ8Â�¼�¾ÁÃPÔõÂ=í�ÊsÃPÍâç�Âb»É»É¼�¾ÁÀöÊsØÁÍ½È)ÃÁÀ.Ø�ÊsØ~Ãæ»½çÁ¼¿¾�Í½ÃP»ÉÈ�¾�Â�¾ÁÖ�Ã Ý

ë]íJà@Ã÷Â�»É»�ÃÁÅYÃõÊÉØ�ÂbÊÑÊsØÁÃõÒ�Ã*ÂbÅ ÔÁ¼¿»ýÊsÍ½¼¿Ò�Ã~ÊÉ¼¿È.¾#ÂbÍÉÈ)ÃÁ¾~Ô#Êgà@È »½Ê8ÂbÒÁã¿Ãð�F�KÃPÔ�ç�È.¼¿¾UÊs»ÑÈ�í,ÊsØ~Ã
ËøÂbÊÉØÁ¼¿ÃIÃY¼�¾Á»½ÊsÂ�ÒÁ¼�ã¿¼�Êgä�ÍÉÃ�À.¼¿È.¾Ñ¼�»0áoÂ6ÃÁ»½»É¼¿Â�¾ Â ÊsØÁÃ,»Éç~¼¿¾��Á¼¿çÁçÁ¼�¾ÁÀoÍsÂbÊÉÃâ¼¿»6À.¼�á�ÃP¾YÒ�äöÊÉØÁÃ,ÃP¾Á»½ÃPÅ
ÒÁã�Ã
Â*á.Ã�ÍsÂ�À.ÃæÈ�í�Ò(ÃPÂ�Å�Ô~¼¿»½ÊÉÍÉ¼�Ò�Ã~Ês¼�È.¾ºàâ¼�ÊÉØõÊsØÁÃ � ÍÉÈ.¼�»É»ÉÂ�Í½Êýî'!qÊÉÈ.ÍsÂ�í�È.Í½Å_ÃÁã¿Â Â Ä!×�A[× ÂÆ9�Æ?� I ê\^] K?� Ä S ¿ ÃZ�Kç�� Ô D[QTSBUÕ q�� K�� Ä S ¿\0] K�� Ä S ¿�� Ô \ Í Î~j Ý ê�Ù Ð
àâØÁÃ�ÍÉÃ�DYQ�S�UW¼¿»&Â�ÖeÊs¼�È.¾öÂbÊ&»ýÊ8Â�Ò~ã¿Ã0�F�KÃ�ÔAç�È.¼�¾�Ê Â � ¼¿»�ÊÉØÁÃW»Éç~¼¿¾öÍÉÃ�»ÉÈ.¾ÁÂ�¾ÁÖPÃâ»ýÊsÍÉÃ�¾ÁÀ�ÊÉØÑí�È�Í�Â�ç�Â�ÍýÊs¼�ÖPã¿Ã
àâ¼�ÊÉØ�ÍÉÅA»âÂ�Ö�ÊÉ¼¿È.¾ ÃÄ Õ q Â Â�¾~Ô ¿ I=  14¡&¢Y5 
£ ¼¿»WÊÉØÁÃæÂ�ÖPÖ�ÃPã¿Ã�ÍsÂbÊÉ¼¿È.¾�ÍÉÂbÊsÃ ÝY »½¼¿¾ÁÀæÊsØÁÃ,ð á�!Ñç�Â�ÍÉÂ�ÅYÃeÊsÃ�Í@Âb»@È)Ã~ÍÏà@È.Í���¼�¾ÁÀ�Ã>�ÁÂbÅYçÁã�Ã Â ÊsØ~Ã�»½çÁ¼¿¾c��¼¿çÁç~¼¿¾ÁÀoÍsÂ=ÊsÃ,¼¿»Ï»ÉØÁÈ�àâ¾
¼¿¾æú�Â�ÒÁã¿Ã"j Ý \ Â àâØ~ÃPÍÉÃÏàÄÃGÃÁ»ÉÃ@ÊsØÁÃÏç�Â�ÍÉÂ�ÅYÃeÊsÃ�ÍÉ» ö ¿ ÷!÷ I Ô ê �[��Å ú Ã Â Ó Ã IØ� × �F\ Â Ò I Ô � × �[� ¡ ê ¡
Â�¾ÁÔ Õ q I \ × ¡[¡ K î]ÅYÅöîgÅAÍsÂ�Ô�í�È.Í�ÊÉØÁÃöð á�!3Ò�Ã*Â�Å ÊsÈõÈ.Ò~ÊsÂ�¼¿¾¤D[QTSBU�IQ\ ñ ×¢° ÅYÅöîgÅAÍsÂbÔ Ý úÕØÁÃ
ç�È.ãôÂ�Í½¼m��ÃPÔ Ò�Ã*Â�Å Â�ÖPÖ�ÃPã¿Ã�ÍsÂbÊÉ¼¿È.¾ ÍÉÂbÊsÃ ¼�» ¿ I j × ñ ¡©ù \�� ú�û Ý ª�Ã Ö*Âb¾ Âbã¿»ÉÈ�ÖPÂ�ã¿ÖIÃÁãôÂ=ÊsÃ3ÊsØ~Ã



z�Û�à��W�d�Ê��Ý[�d£¤}~��ô¨� ë|}~�%�T�=�t�����8�?Ý[��� �,O
ç�È.ãôÂ�Í½¼m�PÂbÊs¼�È.¾�ÒUä�Ö*Â�Í½Í½äq¼¿¾~ÀNÈ)Ã~ÊÑÂ�¾�ÃP¾Á»½ÃPÅ
ÒÁã�Ã�Â*á.ÃPÍÉÂ�À.ÃõÈ�íÕÊÉØÁÃºÒ�Ã*Â�Å ÔÁ¼¿»ýÊsÍ½¼¿Ò�Ã~ÊÉ¼¿È.¾ Ý úÕØÁÃ�»ÉÃ
Êgà@È�ÍÉÃP»�ÃÁã�ÊÉ»ºÂ�Í½Ã3ÖPÈ�ÅYç�ÂbÍÉÃPÔ�¼¿¾$ÊÉØÁÃÌÊÉØÁ¼¿Í½Ô Â�¾ÁÔ�ÊsØÁÃøí�È6ÃÁÍ½ÊÉØ ÖPÈ.ãÇÃÁÅA¾$È�í9ú�Â�ÒÁã�ÃNj Ý \ Ý l�È�ÊÉÃ
ÊsØÁÂbÊ&ÊsØÁÃâç�È.ãôÂbÍÉ¼m�PÂbÊs¼�È.¾�ÒÁÂ�»ÉÃ�ÔYÈ.¾YÂ�áæÂ�ÃÁ»É»½¼ôÂ�¾ÑÔÁ¼�»½ÊsÍ½¼¿Ò�ÃKÊs¼¿È�¾
»Éã�¼¿À.ØUÊsãóä�È�á�ÃPÍÉÃ�»½ÊÉ¼¿ÅYÂbÊsÃ�»6ÊÉØÁÃ���¾�Â�ã
ç�È.ãôÂ�Í½¼m�PÂbÊs¼�È.¾YábÂ�ãÇÃÁÃ Ý ¥

�L¦|{k�Nz�Û~Ü,õ ÆHÈ.ãôÂbÍÉ¼m�PÂbÊs¼�È.¾ºÍÉÂbÊsÃ9í�È.ÍÕð áG!
Ú Æ �Aw�� � Æ�È.ã§S S Æ�È.ã �áoÂ6ÃÁ»É»½¼ôÂ�¾ !K¼¿Å�ÃÁãôÂbÊÉ¼¿È.¾
ñ Ý¢° � Ý �[� ¡ \ Ô � × ñ ° ñ Ô � ×�°�¡[�
ê °KÝ ò � Ý �[� � \ Ô � ×¢° Ù ¡ Ô � ×¢¡Â��°j[j Ý¢° � Ý �F\[\ Ô � × Ù.ñ \ Ô � × Ù j[�



�Fy z�Û)êìë|ë|{~}ËÝ[�F��}~�d�?���,í�îðïòñ����8ó�����ë)�d{~�



îðï	¨���{����§ô,�³Þ¦��ó|�?{k�F�T}k��� �DÜ
� � ��� ����� ©
¦ § ª  ¢�1���2«¥�   © ¨ �������� ¢¡

¬õ«�¬ ®��¯e±�²°}Ñµ ¶ �7±N¸¤¯P²æ±&° �A³ ²�³¤± ²�¸N³N´�� �2�Y® �N¹&µ9·�·�° �A³
úÕØÁÃÏÖP¼�ÍÉÖ�Ã~ãôÂbÊÉ¼¿¾ÁÀÕÒ�Ã*Â�ÅQ¼�¾æÂ�ÖPÖ�ÃPã¿Ã�ÍsÂbÊÉÈ.ÍÉ»Hç�Â�»½»ÉÃ�»�ÊsØ~ÍÉÈ)ÃÁÀ�ØæÊÉØÁÃ@ÍýíÁÖPÂ�áq¼óÊgäoÃ*Â�Ö8ØæÊ-ÃÁÍ½¾ Ý úÕØ~ÃÄÒ�Ã*Â�Å
¼¿»�í�ÈqÖ�Ã~»ÉÃPÔ�ÒUäNÊsØÁÃAÍ½í@Ö*Â*áq¼�Êgä ¼óí G W'Iç� Ý ª Ø~ÃP¾�ÊÉØÁÃÑ»½äq¾ÁÖ8ØÁÍ½È.¾ÁÈ)Ã~»
çÁØ�Â�»½ÃÑ¼¿»o¾ÁÈ�Ê��PÃ�ÍÉÈ Â ÊsØ~Ã
ÊsÈbÊ8Â�ã�Ò(ÃPÂ�Å Â�ã¿»½È�ÀUÂb¼¿¾Á»ÏÃP¾ÁÃ�ÍÉÀ�äYí�ÍÉÈ.Å�ÊÉØÁÃJÍýí!Ö*Â*áq¼�Êgä Ý úÕØ~Ã9å � á.È.ãóÊ8Â�À.Ã,ÅA¼¿À.ØUÊ@¾ÁÈ�ÊWÒ�ÃJ»ýÊ8Â�Ò~ã¿Ã Ý
ë]Êé¼¿»éÂ��èÃ�Ö�ÊÉÃPÔþÒUä Í½íÕ¾~È.¼¿»½Ã Â ç�È�àÄÃ�Í�»�ÃÁçÁçÁãóä ÍÉ¼¿ç~çÁã¿Ã Â àÄÂ���Ã7��ÃPã�ÔÁ» Â Ã�ÊsÖ Ý ë]íWÊsØÁÃYç(Ã�Í½Ê�ÃÁÍÉÒ�Â=Ês¼¿È�¾
Ø�Â�ç~ç(Ã�¾Á»
ÊsÈ3Ò�ÃºÈ.¾�ÍÉÃP»½È.¾�Â�¾~ÖPÃºàâ¼�ÊÉØ�ÊsØ~Ãºã¿È.¾~À.¼�Ê�ÃÁÔÁ¼¿¾ÁÂ�ã&ÅYÈbÊs¼¿È�¾�È�íÕÊÉØÁÃºç�Â�ÍýÊs¼�ÖPã¿Ã Â ÊÉØÁÃP¾�ÊsØ~Ã
ç�Â�ÍýÊs¼�ÖPã¿Ãoàâ¼¿ã�ã!Ò(Ãéã¿È.»ýÊ Ý ëg¾NÈbÊsØÁÃ�Í�à@È.ÍÉÔÁ» Â ÊsØ~ÃöÂ*á.ÃPÍÉÂ�À.Ã
ÃZ�èÃ�Ö�Ê9Èbí&ÊsØÁÃéç(Ã�Í½Ê-Ã~ÍÉÒ�ÂbÊÉ¼¿È.¾ø¼¿»�ÊÉÍÉ¼óáK¼¿Â�ã
ÃÁ¾Áã�ÃP»½»,¼óÊâ¼¿»ÕÖ�ã¿È.»½ÃoÊÉÈöÊsØÁÃoØ�Â�Í½ÅYÈ�¾Á¼¿Ö�»WÈ�íHÊsØÁÃoã¿È�¾ÁÀ.¼�Ê�ÃÁÔÁ¼�¾�Â�ã�È.»ÉÖ�¼¿ã¿ã¿ÂbÊs¼�È.¾×í�Í½ÃPù"ÃÁÃP¾~Ö�ä Ý

úÕØÁÃ��ÁÍÉ»½Ê�Ø�Â�Í½ÅYÈ�¾Á¼¿Ö9È.»½ÖP¼�ã¿ãôÂ=Ês¼¿È�¾ºÖ*Â�¾÷Ò�ÃéÃ>�KÊÉÃPÍ½¾�Â�ã¿ãóäõÃZ�KÃ�Í½ÊsÃ�Ô3È.¾�ÊsØÁÃæÒ�Ã*Â�ÅÇÒUä�Í½í�çÁØ�Â�»½Ã
ÅAÈKÔ�Ã~ãôÂbÊÉ¼¿È.¾AÛ ê�ò Ü�Ý åÕíÁç~Ø�Â�»ÉÃ@ÅYÈqÔ�ÃÁã¿ÂbÊs¼�È.¾9¼¿»!Ã�ù@Ã~¼�ábÂ�ã¿Ã�¾UÊ�ÊÉÈJÔÁ¼�ç(È.ã�Ã&ÅYÈqÔÁÃ6ç�ÃPÍ½Ê�ÃÁÍÉÒÁÂbÊs¼�È.¾æàâØ~ÃP¾
ÊsØ~Ã@ÅAÈKÔ�ÃÁãôÂbÊÉ¼¿È.¾�í�ÍÉÃPù"ÃÁÃ�¾ÁÖ�äé¼¿»!Ö�ã¿È.»½Ã6ÊÉÈ,ÊÉØÁÃÏã¿È.¾ÁÀ�¼�Ê-Ã~ÔÁ¼¿¾�Âbã�È.»½ÖP¼¿ã�ãôÂbÊÉ¼¿È.¾�í�ÍÉÃPù"ÃÁÃ�¾ÁÖ�ä Ý úÕØÁÃ@Â�ÍÉÍ½¼�ábÂ�ã
Ês¼�ÅYÃÕÈbíGÊsØÁÃ,Ò�ÃÁ¾~Ö8Ø×àâ¼¿ã�ã�È.»ÉÖ�¼¿ã¿ã¿ÂbÊsÃWÂbÊ@ÊÉØÁÃ,ÅYÈqÔ�ÃÁã¿ÂbÊs¼�È.¾
í�ÍÉÃ�ù@Ã~ÃP¾ÁÖeä Ý ²�ÃÁÃâÊsÈoÊsØÁÃ�¾ÁÈ.¾Áã�¼¿¾ÁÃPÂ�ÍÉ¼óÊgä Â
ÊsØ~¼¿»æÈ.»ÉÖ�¼¿ã¿ã¿ÂbÊs¼�È.¾3àâ¼¿ã�ã&¾ÁÈ.Í½Å×Â�ã�ã�äøÔÁÃPÖ�È.ØÁÃPÍ½Ã×¼�¾�»ÉÃ�ÖPÈ.¾~ÔÁ»öÂbÊæÊsØÁÃAÖPÈ�»½Ê
ÈbíÕÃPÅA¼�Ê½Ê8Â�¾ÁÖ�ÃÑÔÁ¼¿ãÇÃ~Ês¼�È.¾ Ý
åâÃPÖPÃ�¾UÊsã�äA¼�¾�ÊÉÃPÍ½ÃP»½ÊÉ¼¿¾ÁÀéçÁØÁÃ�¾ÁÈ.ÅAÃP¾ÁÈ.¾YØ�Â�»@Ò(Ã�ÃP¾×í�È)Ã~¾ÁÔ×¼�¾YúHÃ�ábÂbÊÉÍÉÈ.¾õÂ=Ê � ÃPÍ½ÅY¼ � Â�Ò3Û ê j ÜÞÝ úÕØÁÃ
Ò�ÃÁ¾~Ö8Ø3È.»ÉÖ�¼¿ã�ãôÂbÊÉÃP»âÂbÊ,ã¿È�¾ÁÀ.¼�Ê�ÃÁÔÁ¼�¾�Â�ã�È.»ÉÖ�¼¿ã¿ã¿ÂbÊs¼�È.¾×í�Í½ÃPù"ÃÁÃP¾~Ö�ä÷í�È.ÍâØÁÈ)ÃÁÍ½»,àâ¼óÊsØÁÈ)ÃKÊ�Ô~Ã�ÊsÃ�ÍÉ¼�È.ÍsÂbÊÉ¼¿¾ÁÀ



�§¸ ß Û�îðï	¨���{����§ô,�³Þ¦��ó|�?{k�F�T}k���
ÊsØ~ÃéÒ�Ã*Â�Å�ù@ÃÁÂ�ã¿¼óÊgä Ý úÕØÁ¼¿»âÈ.»½ÖP¼¿ã�ãôÂbÊÉ¼¿È.¾×ÅY¼�À.ØUÊâÒ(ÃæÈ.¾ÁÃoÍÉÃPÂ�»ÉÈ�¾ÌàâØÁ¼�Ö8Øø¼¿ÅAç�ÃPÔÁÃ�»WÊsØÁÃæ¼¿¾UÊsÃ�¾Á»É¼óÊgäUî
¼¿ÅAçÁÍ½È"áq¼�¾ÁÀJçÁÍ½È��½ÃPÖeÊ�Û ê �=ÜÞÝ ðJãóÊsØÁÈ)Ã~À.Ø�ÊsØ~ÃP»ÉÃâçÁØ~ÃP¾ÁÈ.ÅAÃP¾ÁÂ9Â�ÍÉÃÄÊÉØÁÈ)ÃÁÀ�Ø�Ê�ÊsÈ9Ò�ÃÄàÄÃ�ã¿ã�Ã~¾ÁÔÁÃPÍ½»½ÊÉÈKÈqÔ
ÊsØ~Ã�äõÖPÂ�¾ÌÒ�ÃoÖPÈ.ÅAçÁã�¼¿Ö*Â=ÊsÃPÔõ¼�¾�çÁÍsÂ�ÖeÊs¼�ÖPÃ Ý³ Ã�Â�ÔÁÍ�ÃÁç(È�ã¿ÃâÅYÈqÔÁÃâÈ.»½ÖP¼¿ã�ãôÂbÊÉ¼¿È.¾�¼¿¾Ñã¿È.¾~À.¼�Ê�ÃÁÔÁ¼¿¾ÁÂ�ã~çÁØÁÂ�»ÉÃ,»Éç�ÂbÖPÃJÖPÂ�¾AÒ(Ã,ÃZ�KÖP¼óÊsÃ�Ô×ÒUäÑÅYÈqÔ�ÃKî
ãôÂ=Ês¼¿¾~ÀéÊsØ~Ãoå � á�È.ã�ÊsÂ�À.Ã�¾ÁÃPÂ�ÍÄÊgàâ¼�ÖPÃ�ÊsØ~Ã9»½äq¾ÁÖ8ØÁÍ½È�ÊsÍ½È.¾õí�ÍÉÃPù"ÃÁÃ�¾ÁÖ�ä Û ê ¡bÜ�Ý ï6Â�ÍÉãóä×Í½ÃP»ÉÃPÂ�ÍÉÖ8Ø�àÄÂ�»
í�ÈqÖ�ÃÁ»½ÃPÔøÈ�¾�ÊÉØÁÃæ¾ÁÈ.¾Áã�¼¿¾ÁÃPÂ�ÍWçÁÍ½È.ç(Ã�Í½ÊÉ¼¿ÃP»,Â�¾~Ô÷ÊÉØÁÃoÖPÈ.¾F�ÁÍÉÅYÂbÊs¼�È.¾�È�í�ÊÉØÁÃ ß Â�ÅA¼¿ãóÊsÈ.¾~¼ôÂ�¾AÊsØÁÃ�È.Í½ä Ý
ß È�à@Ã�á�ÃPÍ Â àâØÁÃP¾ºù"Ã�ÂbÔÁÍ�ÃÁç�È.ã�Ã�ÅAÈKÔ~Ã,È�»ÉÖP¼�ã¿ã¿ÂbÊs¼�È.¾
¼¿»ÏÃZ�KÖ�¼�ÊsÃ�Ô Â ÊsØÁÃ,ÅYÈ�ÅYÃ�¾�ÊÉ»@ÈbíèÊsØ~Ã�Ò�Ã*Â�Å àâ¼�ã¿ã
È.»½ÖP¼¿ã�ãôÂbÊÉÃ Â ¾�Â�ÅAÃPãóä Â ÊsØÁÃ÷Ò�ÃÁ¾ÁÖ8Ø$ã¿ÃP¾~À�ÊsØ#àâ¼¿ã�ãWÈ.»ÉÖ�¼¿ã�ãôÂbÊÉÃºàâØÁ¼¿ã�ÃºÊsØÁÃ÷ÃPÅA¼�Ê½Ê8Â�¾ÁÖ�Ã�¼¿»ÑçÁÍÉÃ�»ÉÃ�Í½á.Ã�Ô Ý
úÕØÁ¼�»�Ö*Âb¾�Ò(ÃBÃÁ»ÉÃ�ÔþÊsÈ3Ö�È.ÅYç~ÍÉÃP»½»�ÊsØ~ÃºÒ�ÃÁ¾ÁÖ8Ø Ý !KØÁÈ.ÍýÊ
çÁÍ½È�ÊsÈ�¾þÒ�ÃÁ¾ÁÖ8Ø~ÃP»ÑÂ�Í½Ã×¾ÁÃ�ÃPÔÁÃ�Ô�¼�¾�ÊsØ~Ã
À.Ã�¾ÁÃPÍÉÂbÊs¼�È.¾
È�í�ÊÉØÁÃÕ»ÉÃ�ÖPÈ.¾ÁÔÁÂ�Í½ä�Ò(ÃPÂ�Å Ý úÕØÁÃÕÃ>�~ç�ÃPÍ½¼¿ÅAÃP¾UÊ&È�í>ç~ÍÉÈ�ÊÉÈ.¾öÒ�ÃÁ¾ÁÖ8ØÑÖ�È.ÅYç~ÍÉÃP»½»É¼�È.¾�àâ¼�ÊÉØ
á.È�ã�Ê8ÂbÀ.Ã�ÅAÈKÔ�Ã~ãôÂbÊÉ¼¿È.¾AØ�Â�»ÕÒ�ÃPÃ�¾÷Ô~È.¾ÁÃ9ÂbÊÄÊsØÁÃ9ð áG!NÛ ê °=ÜÞÝ:Y ¾~í�È.ÍýÊ-ÃÁ¾�Â=ÊsÃPãóäYÊÉØÁÃ�ä×ÔÁ¼¿Ô~¾ Ú Ê0��¾ÁÔ÷Â
àÄÂ�äõÊÉÈÑÖPÈ.ÅAçÁÍÉÃ�»É»ÕÊsØ~ÃæÒ�ÃÁ¾ÁÖ8Ø Ý!KØÁÈ.ÍýÊ
Ã�ã¿ÃPÖeÊsÍ½È.¾�Ò�Ã~¾ÁÖ8ØÁÃP»ÑÂbÍÉÃA¾ÁÃPÃ�ÔÁÃPÔ�¼�¾�Ò�È�ÊsØ�Ö�ÃÁÍ½ÍÉÃP¾UÊÑÂb¾ÁÔ�í×Ã~Ê�ÃÁÍÉÃYçÁÍÉÈT�½ÃPÖ�ÊÉ» Â ã�¼m��ÃÑÊsØ~Ã� ï � çÁÍ½È��½ÃPÖeÊÕÂ�¾ÁÔAÊsØÁÃ�ã¿¼�¾ÁÃ*Â�Í&Ö�È.ã¿ã�¼¿ÔÁÃ�Í&çÁÍÉÈT�½ÃPÖ�Ê9Û êbñ Â ê�Ù Ü�Ý úÕØÁÃJÀ.Â�¼¿¾Aã¿Ã�¾ÁÀ�ÊsØAÈ�íGÊÉØÁÃ½Ã~¾ÁÔ�ÃÁã¿ÂbÊsÈ.Í
¼¿¾#Âb¾ � ï � íDÂ�ÖP¼�ã¿¼óÊgä�¼�»
ÍÉÃ�ÖP¼�çÁÍÉÈqÖ*Â�ã@ÊsÈ´D Ã¶µ ¬ Â àâØ~ÃPÍÉÃ7D�¼¿»�ÊÉØÁÃ�ç(ÃPÂ���ÖIÃÁÍÉÍ½ÃP¾UÊ×Èbí,ÊÉØÁÃõÒ�ÃÁ¾~Ö8Ø Ý
úÕØÁÃ�ÍÉÃ�í�È�ÍÉÃ�»ÉØÁÈ�Í½ÊsÃ�ÍöÒ�ÃÁ¾ÁÖ8Ø~ÃP»ÑÍÉÃ�»�ÃÁãóÊÑ¼¿¾þØÁ¼�À.ØÁÃ�Í
ç(È�à@ÃPÍÑÀUÂ�¼�¾ Ý úÕØÁÃ!~Â�ÅAÃºÖ�È.¾Á»É¼�ÔÁÃPÍÉÂbÊs¼�È.¾þ¼�»
í�È)ÃÁ¾~Ô÷¼�¾×ÊsØ~Ã9ÔÁÃP»½¼¿À.¾�È�íHã¿¼�¾ÁÃ*ÂbÍÄÖPÈ�ã¿ã¿¼�ÔÁÃPÍ½» Ý�ß ¼¿À�ØÁÃPÍÄí�Í½ÃPù"ÃÁÃ�¾ÁÖ�äõ¼�»WçÁÍ½Ã�í�ÃPÍ½ÍÉÃ�Ô÷ÊÉÈöÈ.Ò~Ê8Âb¼¿¾ºØÁ¼�À.ØÁÃ�Í
ÃP¾~ÃPÍÉÀbä$ÀUÂb¼¿¾$È�¾ ÃÁ¾Á¼óÊ×ã�ÃP¾ÁÀ�ÊÉØ Â àâØÁ¼�Ö8Ø ÍÉÃPù"ÃÁ¼�ÍÉÃ�»×»ÉØ~È.Í½ÊÉÃPÍº¼�¾��½ÃPÖeÊsÃPÔ$Ò�ÃÁ¾ÁÖ8ØÁÃ�» Ý ìSÃÁÍ½ÍÉÃ�¾�ÊÉã�ä$Â
Ò�ÃÁ¾~Ö8ØøÖPÈ�ÅYçÁÍ½ÃP»½»ÉÈ.ÍâÔÁÈ�àâ¾Á»ýÊsÍÉÃPÂ�ÅÓÊsÈöÊÉØÁÃoÔ�Â�ÅAçÁ¼¿¾ÁÀöÍ½¼¿¾ÁÀÑ¼�»WÊsØÁÃoÖPÈ�ÅYÅAÈ.¾õ»ÉÈ�ãºÃ~ÊÉ¼¿È.¾ Ý

úÕØÁÃ�ÃPù"ÃÁ¼�ã¿¼¿Ò~ÍÉ¼ºÃ~ÅÿÒ�ÃÁ¾ÁÖ8Ø$ã�ÃP¾ÁÀbÊsØ�¼¿¾�Â�¾#Ã�ã¿ÃPÖeÊsÍ½È.¾#»½ÊsÈ�ÍsÂ�À.ÃõÍ½¼¿¾ÁÀN¼�»öÔÁÃ�ÊÉÃPÍ½ÅY¼�¾ÁÃPÔ#ÒUäþÊsØ~Ã
Â�»½ç(Ã�Ö�Ê�ÍsÂbÊÉ¼¿ÈÑÈ�íHÊsØÁÃæÃPã�ã¿¼¿ç~»ÉÃeî]ã¿¼���Ã�ÊÉÈ.ÍÉ¼1Èbí�ÊsØ~Ãæã�È.¾ÁÀ.¼óÊ-ÃÁÔ~¼¿¾�Â�ã ß Â�ÅA¼¿ãóÊsÈ.¾~¼ôÂ�¾ Ý úÕØÁÃ
Âb»Éç�ÃPÖ�Ê,ÍÉÂbÊs¼�È
¼¿»×ÍÉÃPã¿ÂbÊsÃ�Ô ÊsÈþÊÉØÁÃ3ÅYÂ�Ö8ØÁ¼¿¾~Ã3ç�Â�ÍÉÂ�ÅYÃeÊsÃ�ÍÉ» Â Ä�×BA[× Â ÊÉØÁÃ3á.È.ãóÊ8Â�À�ÃNÂ�¾ÁÔ ÊÉØÁÃNØ�Â�Í½ÅYÈ.¾~¼¿Öø¾"ÃÁÅ�Ò(Ã�Í
È�íâÊsØ~ÃÌå � »½äq»ýÊsÃPÅ Â ÊÉØÁÃõçÁØ�Âb»ÉÃ�»Éã�¼¿çþíDÂ�ÖeÊsÈ.Í Â ÊsØÁÃ�»½äq¾ÁÖ8Ø~ÍÉÈ.¾ÁÈ6ÃÁ»Yç~Ø�Â�»ÉÃ÷Â�¾~Ô#ÊÉØÁÃõÃP¾~ÃPÍÉÀbä�È�í
ÊsØ~ÃõÃPã¿Ã�Ö�ÊÉÍÉÈ.¾ Ý ëg¾#»ÉÈ.ÅAÃºÖ*Âb»ÉÃP»öÊÉØÁÃõçÁØ�Â�»½Ã�»Éã¿¼�ç�íDÂ�ÖeÊsÈ.Í
ÖPÂ�¾#Ò(ÃõÍ½ÃPÔ�Ã~ÖPÃPÔ�ÒUä#Â�Ô���Ã~»½Ês¼�¾ÁÀ3ÊsØ~Ã
»ÉÃ>�qÊ-ÃÁç�È.ã¿Ã�»Ä¼�¾AÊÉØÁÃ�Í½¼¿¾ÁÀYÛ ò � Ü Â ØÁÈ�àÄÃeá.ÃPÍ Â ÊsÈéÅ×Âb¼¿¾UÊ8Â�¼�¾ÑÂæ»ýÊ8Â�Ò~ã¿Ã,È.ç(Ã�ÍsÂbÊÉ¼¿È.¾ Â ÊsØÁÃ�»ÉÃJçÁÂ�ÍsÂ�ÅAÃ�ÊÉÃPÍ½»
Â�Í½ÃØÃ~»�Ã�Â�ã�ã�ä��F�KÃPÔ Â Ö�È.¾Á»ÉÃ�ù"ÃÁÃP¾UÊsãóä�ÊsØÁÃoÈ)Ã~ÊÉç�Ã~Ê,Ò�ÃÁ¾~Ö8Øøã¿Ã�¾ÁÀ�ÊÉØ÷¼�»âÂ�ã¿»½ÈöÔÁÃ�ÊÉÃPÍ½ÅY¼�¾ÁÃPÔ Ý

úÕØÁÃ�Ò�ÃÁ¾ÁÖ8ØNÖ*Âb¾øÒ�Ã�ÖPÈ�ÅYçÁÍ½ÃP»½»ÉÃPÔø¼¿¾ÌÊÉØÁÃæ»½ÊsÈ�ÍsÂ�À.ÃéÍÉ¼�¾ÁÀ.»ÕÊsØÁÍ½È)ÃÁÀ.ØÌÒ(ÃPÂ�Å Å×Âb¾Á¼¿ç�Ã~ãôÂbÊÉ¼¿È.¾Á» Ý



ß Û�¸
¥ -��~·Ù�8£¤}~{k���d�C¸�¹��?�§£¤}ËÝÂ�Rº7}��6-C¨��d{k�¥�§ô,�NÞ¦��ó?�|{k�F�T}k�d� �§à

å � á�È.ã�ÊsÂ�À.Ã Â�¾ÁÔiçÁØ�Â�»½Ãµ��ÃÁÅAçiÅYÃeÊsØÁÈqÔÁ»õàÄÃ�ÍÉÃ�ÃZ�KçÁã¿È�ÍÉÃPÔ ÂbÊ�ÊsØÁÃ ë Y ì � çÁÍÉÈbÊsÈ.¾i»½ÊÉÈ.ÍsÂ�À�Ã
ÍÉ¼�¾ÁÀ Û ò \ Ü�Ý úÕØ~Ã�Âb»Éç�ÃPÖ�Ê�ÍÉÂbÊs¼�È ÂW»y¼»¾½ Â ¼�»ºçÁÍÉÈ�ç(È.ÍýÊs¼�È.¾�Â�ãÕÊsÈ ÃU ¿�À�Á Ý úÕØÁÃ�ÍÉÃ�í�È�ÍÉÃ ¼�í9ÊÉØÁÃN¼¿¾Á¼óÊs¼¿Â�ã
Ö*Â*áq¼�Êgä á.È�ã�Ê8ÂbÀ.ÃY¼�»WÂ Ã Â�¾ÁÔþÊÉØÁÃ7�Á¾�Â�ãÏ¼¿»WÂ Ä Â Âb¾ÁÔþÊsØÁÃYÃPÅA¼�Ê½Ê8Â�¾ÁÖ�Ã×¼�»éçÁÍ½ÃP»½ÃPÍ½á�ÃPÔ�Ô�ÃÁÍ½¼¿¾ÁÀ÷ÊsØÁ¼�»çÁÍ½ÈKÖ�ÃP»É» Â ÊsØ~ÃP¾éÊÉØÁÃÏÒ�ÃÁ¾ÁÖ8Ø
¼�»!ÖPÈ.ÅAçÁÍÉÃ�»É»½ÃPÔ�ÒUäéÂÕíDÂ�Ö�ÊÉÈ.Í!È�í!Î ¿ þ¿ ÿ Ð Ã¶µ i Ýf� È.Í!Ã�ã¿ÃPÖeÊsÍ½È.¾éÅYÂ�Ö8ØÁ¼�¾ÁÃP»!ÊsØ~Ã
»½äq¾ÁÖ8Ø~ÍÉÈ.¾ÁÈ6ÃÁ»6çÁØ�Â�»½ÃP»6Ø�Â*á.ÃÕÊsÈ9Ò�ÃWÖ�È)ÃÁ¾UÊsÃ�ÔÑÊÉÈKÈ Ý 
SÃ~Ê ÃÁ»�Ã�Âbã¿ã�äæÊsØ~ÃÄá.È.ãóÊ8Â�À�ÃWÈ�í>ÊsØÁÃWå � »ýäK»ýÊsÃ�Å
Ö*Âb¾3¾ÁÈ�Ê�Ò(ÃéÍsÂ�¼�»ÉÃ�Ô3Å_ÃÁÖ8Ø Â ØÁÃP¾~ÖPÃ�ÊÉØÁÃ�Ö�È.ÅYç~ÍÉÃP»½»É¼�¾ÁÀ×ÍÉÂbÊs¼�ÈYÈ�í&ÊÉØÁ¼¿»,ÅAÃ�ÊsØ~ÈKÔÌ¼¿»,ã¿¼¿ÅA¼�ÊÉÃPÔ Ý úÕØÁÃ
çÁØ�Âb»ÉÃ���Ã~ÅYç ÅYÃeÊsØÁÈqÔ ÅYÈ�á.Ã�»éÊÉØÁÃYÒ�ÃÁ¾ÁÖ8Ø�ÊÉÈ÷ÊÉØÁÃBÃ~¾Á»½ÊsÂ�ÒÁã¿Ã��F�KÃPÔ�ç(È.¼�¾UÊ Ý úÕØ~ÃYÊsÍÉÂT�½ÃPÖeÊsÈ.Í½¼¿Ã�»
Â�Í½È)ÃÁ¾ÁÔæÊsØÁÃGÃÁ¾Á»½ÊsÂ�ÒÁã�ÃÄç�È.¼¿¾UÊ�Â�ÍÉÃÏØUäqç(Ã�ÍÉÒ�È.ã¿¼�Ö Â Âb¾ÁÔéÊÉØÁÃÄÒ�Ã~¾ÁÖ8ØöÃZ�Kç�Â�¾~ÔÁ»�¼¿¾×Î G Í Ò Ð!çÁØÁÂ�»ÉÃ@»Éç�Â�Ö�Ã
¼¿¾ K?S jJÂ�¾ÁÔ � K�S jJÔÁ¼�ÍÉÃ�Ö�Ês¼�È.¾
Âb¾ÁÔ�»½ØÁÍÉ¼�¾§��»�¼¿¾æÊsØÁÃ@ç(Ã�ÍÉç�ÃP¾ÁÔÁ¼�Ö�ÃÁã¿Â�ÍHÔÁ¼¿Í½ÃPÖ�ÊÉ¼¿È.¾ Ý úÕØÁÃÄÖPÈ.ÅAçÁÍÉÃ�»É»½ÃPÔ
Ò�ÃÁ¾~Ö8ØNÖ*Â�¾3Ò�Ã
ÂbÖPÖPÃ�ç~ÊsÃ�Ô Âbí�ÊsÃ�Í�Â×Í½È�Ê8Â=Ês¼¿È�¾ÌÈ�í K?S j Ý 
SÃ~Ê�ÊsØÁÃé¾ÁÈ.¾Áã�¼¿¾ÁÃPÂ�ÍÉ¼óÊgäºàâ¼¿ã�ã1ÔÁ¼¿»ýÊsÈ.ÍýÊJÊsØ~Ã
Ò�ÃÁ¾~Ö8ØøàâØÁÃP¾ÌÊsØÁÃéç�Â�Í½ÊÉ¼¿Ö�ã¿Ã9¼¿»âÅAÈ�á.ÃPÔøÈ��NÊsØÁÃ�ÃÁ¾Á»ýÊ8Â�ÒÁã�Ã��=�~Ã�Ô3ç�È.¼¿¾UÊ Â ÊÉØ"ÃÁ»�ÊÉØÁÃéÃ�ÅY¼óÊÉÊsÂ�¾ÁÖPÃo¼�»
¾ÁÈ�ÊWçÁÍÉÃ�»ÉÃPÍýá.Ã�ÔÌ¼�¾×ÊsØÁ¼�»ÄçÁÍ½ÈKÖ�ÃP»½» Ý ðJã�»ÉÈ�ÊÉØÁ¼¿»WÅAÃ�ÊÉØÁÈqÔº¼¿»@¾ÁÈ�ÊWÀ�ÈKÈqÔ×í�È.Í@ÃPã¿Ã�Ö�ÊÉÍÉÈ.¾õ»ýÊsÈ.ÍÉÂ�À.Ã�Í½¼¿¾ÁÀ.»
Ò�ÃPÖ*Â�ÃÁ»ÉÃæù"Ã�Â�¾UÊ-ÃÁÅÃ��ÃÁÖ�Ê�Ã�ÂbÊs¼�È.¾Á»ÕÖPÂ�¾ÌÖPÂ6ÃÁ»½Ãé»½ÃPÍÉ¼�È)ÃÁ»âÃPÅA¼�Ê½Ê8Â�¾~ÖPÃ9¼¿¾~ÖPÍÉÃPÂ�»ÉÃ Ý

ëg¾3ÊsØÁ¼�»�Ö8ØÁÂ�ç~ÊsÃ�ÍJà@ÃöÂ�ÍÉÃéÀ.È.¼�¾ÁÀYÊÉÈ×ÔÁ¼�»ÉÖ�Ã~»É»�ÊsØ~Ã�Ò�Ã*Â�Å Ô~äq¾�Â�ÅA¼¿Ö�»½ÃÁ¾~ÔÁÃPÍJá�È.ã�ÊsÂ�À.ÃæÅYÈqÔ�ÃKî
ãôÂ=Ês¼¿È�¾ Â ÊÉØÁÃP¾ Â�ç~çÁã�äÌ¼�Ê�ÊsÈõÃPã�ÃPÖeÊsÍÉÈ�¾NÒ�ÃÁ¾ÁÖ8Ø ÖPÈ.ÅAçÁÍ½ÃP»É»½¼¿È.¾ Ý úÕØÁÃöÔ~¼��(ÃPÍÉÃ�¾ÁÖPÃöÒ�Ã�Êgà@ÃPÃ�¾�ç~ÍÉÈ�ÊÉÈ.¾
Ò�ÃÁ¾~Ö8ØøÖPÈ�ÅYçÁÍ½ÃP»½»É¼¿È�¾ÌÂb¾ÁÔÌÃ�ã¿Ã�Ö�ÊsÍ½È.¾÷Ò�ÃÁ¾ÁÖ8ØÌÖPÈ.ÅAçÁÍÉÃ�»É»½¼¿È.¾õàâ¼¿ã�ãèÒ�ÃæÂ�ã¿»½ÈAÒ�ÃoÂ�ÔÁÔ~ÍÉÃP»½»ÉÃ�Ô Ý¬õ«�� Ä;�3µ Å ²
® °Æ¯�±F�A³ ÇÉÈ÷³3²�® °*´�·ËÊ¢°�±s� ;�c¯�±�²�}Ñµ ¶ �7±N¸Ì¯�²é±&°Y�Y³
úÕØÁÃé»½äq¾ÁÖ8ØÁÍ½È�ÊsÍ½È.¾3ÅAÈ�Ês¼�È.¾�¼¿¾÷ÂY»ýÊsÈ.ÍÉÂ�À.ÃæÍÉ¼¿¾~ÀÑàâ¼óÊsØ�á.È.ãóÊ8Â�À�ÃéÅAÈKÔ�ÃÁãôÂbÊÉ¼¿È.¾×Ö*Â�¾ÌÒ(ÃæÔÁÃP»½ÖPÍ½¼¿Ò�ÃPÔ
ÒUä ÍÎÐÏ G�Ñ 8 Ã I G�Ñ ] ê�K�ÒLÓ Ò ÑÒ Ñ 8 Ã I Ò Ñ ]ÕÔ�Î G�Ñ 8 Ã Ð Ô Ô�Î G WýÐ Í Î �KÝ \�Ð
àâØÁÃ�ÍÉÃvÔ�Î G�Ñ Ð"I×Ö ¿�Ø+ þ^Ù Î \8]µ¯�»É¼�¾!Î w�x Î½Î G�Ñ Ô G WÉÐ SÚÒ ] ê Ú K Ð�]�Û�ÐÉÐ~»É¼�¾ G�Ñ Â G W�¼�»�ÊsØÁÃâ»ýäK¾~Ö8ØÁÍÉÈ.¾~È)ÃÁ»
çÁØ�Âb»ÉÃ Â Ó ¼¿»WÊsØ~Ã9çÁØ�Â�»½Ãæ»½ã¿¼�çºíDÂ�Ö�ÊÉÈ.Í Â Âb¾ÁÔÂ q Â�¾ÁÔ�ØÌÂ�ÍÉÃ�ÊÉØÁÃ�á.È�ã�Ê8ÂbÀ.ÃoÂ�¾ÁÔ�Ø�Â�Í½ÅYÈ�¾Á¼¿Ö�¾"ÃÁÅ�Ò(Ã�Í



�=z ß Û�îðï	¨���{����§ô,�³Þ¦��ó|�?{k�F�T}k���
È�í�ÊÉØÁÃÕå � »½äq»ýÊsÃPÅ ÍÉÃP»½ç(Ã�Ö�ÊÉ¼�á.Ã�ã�ä Ý úÕØÁÃWç�ÂbÍsÂ�ÅAÃ�ÊÉÃPÍÉ»�ÍÉÃ�ãôÂbÊÉÃPÔ�ÊÉÈJÊsØÁÃÄç�Â�Í½ÊÉ¼¿Ö�ã¿Ã@Â�ÍÉÃ�ö � Â ÊÉØÁÃÄÍÉÂbÊs¼�È
È�í�ÊsØÁÃâç�ÂbÍ½Ês¼�ÖPã�ÃÕ»Éç�ÃPÃPÔÑÊsÈoÊsØ~Ã,»½ç(Ã�ÃPÔYÈ�íèã�¼¿À.ØUÊ Â A Â ÊsØÁÃÕÃÁ¾Á¼óÊ6Ö8Ø�Â�Í½À.Ã Â Â�¾ÁÔ � Â ÊÉØÁÃâÃP¾ÁÃ�ÍÉÀ�äöÈbíèÊsØ~Ã
ç�Â�ÍýÊs¼�ÖPã¿Ã Ý úÕØÁÃöÅAÈKÔ�ÃÁãôÂbÊÉ¼¿È.¾�ç�ÂbÍsÂ�ÅAÃ�ÊÉÃPÍÉ»�Â�ÍÉÃ�ö,ÊÉØÁÃ
í�ÍsÂ�ÖeÊs¼�È.¾�Â�ã!ÅAÈKÔ�Ã~ãôÂbÊÉ¼¿È.¾÷»½ÊÉÍÉÃP¾~À�ÊsØ©¯ Â ÊsØ~Ã
ÅAÈKÔ�Ã~ãôÂbÊÉ¼¿È.¾
Ê�ÃÁ¾ÁÃ wTx Â Âb¾ÁÔYÊÉØÁÃ�¼�¾Á¼�ÊÉ¼ôÂ�ãKçÁØ�Â�»½Ã�Â�¾~À.ã¿Ã<Û Ý l�ÈbÊsÃâÊsØÁÃ,çÁØ�Â�»½ÃJÈ�í(ÊsØÁÃ,ÅAÈKÔ�Ã~ãôÂbÊÉ¼¿È.¾
»É¼�À.¾�Â�ã>¼�»ÄÍÉÃ�ãôÂbÊÉÃPÔAÊsÈ�ÊÉØÁÃJçÁØÁÂ�»ÉÃ�ÈbíGÊsØÁÃJç�Â�Í½ÊÉ¼¿Ö�ã¿Ã Ý !K¼¿¾~ÖPÃöÎ G�Ñ Ô G WýÐ SÚÒ ¼�»@Å_Ã~Ö8Øõã¿ÃP»½»@ÊÉØ�Â�¾ ê Ú KàâØÁÃ�¾ Ú ¼¿»âã¿Â�ÍÉÀ.Ã Â ÊÉØÁ¼¿»WÊÉÃPÍÉÅ�Ö*Â�¾÷Ò(Ão¼�À.¾ÁÈ.Í½ÃPÔ Ý

ï&ù Ý Î �KÝ \�ÐÄÖ*Â�¾÷Ò(Ã9Ô~ÃPÍÉ¼óá.Ã�ÔÌí�ÍÉÈ�ÅuÊsØ~Ãoí�È�ã¿ã¿È�àâ¼�¾ÁÀ ß ÂbÅY¼�ã�ÊsÈ�¾Á¼ôÂ�¾
ÀÎI \

ê ÒLÓ ÒTÄ ] A Â q
ê�K�� Ä � Î \^]	¯�»É¼�¾!Î w�x � ]�Û�Ð½ÐPÛüÖPÈ.» G Ô Ö�È.» G W ] Î G Ô G W½Ð~»É¼¿¾ G W Ü Í Î �KÝ ê Ð

àâ¼�ÊÉØøÈ.Í½ÒÁ¼�ÊsÂ�ã!Â�¾ÁÀ�ã¿Ã � I ê Ú K Âb»,ÊÉØÁÃéÊÉ¼¿ÅAÃoábÂ�Í½¼ôÂ�Ò~ã¿Ã Ý·� ÃeÊÝÜ�I G Ô G WÕÂ�¾ÁÔ3Ã>�~çÁÂ�¾ÁÔÁ¼�¾ÁÀ×ÊsØ~Ã
ß ÂbÅY¼�ã�ÊsÈ�¾Á¼ôÂ�¾Y¼¿¾UÊsÈAÂöú�Â�äqã�È.ÍÕ»ÉÃ�ÍÉ¼¿Ã�» Â È.¾~ÃæÈ�Ò~Ê8Â�¼�¾Á»
ÀÎI \

ê ÒLÓ Ò Ä Ô A Â q ÖPÈ.» G W
ê�K�� Ä � Î2\0]L¯(»½¼¿¾!Î wTx � ]CÛ�ÐÉÐ \

ê
Ü Ä Î \ Ô ÊsÂ�¾ G W

ò
Ü Ô Ü Ä\ ê ] × ×¥× Ð × Î �KÝ ò Ðª ¼�ÊÉØÁÈ)Ã~ÊÑã�È.»É»ÑÈ�íJÀ.ÃP¾~ÃPÍsÂbã¿¼�Êgä Â à@ÃÌÂ�»É»�ÃÁÅYÃ�ÊsØ~Ã÷ç~Ø�Â�»ÉÃ÷»Éã�¼¿ç�íDÂ�ÖeÊsÈ.Í Ó É � Â È.ÍÑÖPÈ�» G W å � Ý

úHÍsÂ�¾Á»ýí�È.ÍÉÅA¼¿¾~À
ÊsÈöÊsØÁÃæÂ�ÖeÊs¼�È.¾÷Â�¾ÁÀ.ã�Ã9ÖPÈqÈ.ÍÉÔÁ¼�¾�ÂbÊÉÃP»æÎ Á Í � Ð@àâ¼�ÊÉØÍÎ Ï Ü I ± êOÒ�Ó Á S w W�ÖPÈ.» �Ò I Ô ± ê w W Á SÚÒLÓ »É¼�¾ � Í Î �KÝ jUÐ
àâØÁÃ�ÍÉÃ w W:I : ÔcÞyß Ö ¿ Ø.à � Q�á[âÄ g + þ Ù ¼�»&ÊsØÁÃÕÊ-Ã~¾ÁÃÕí�È.Í6»½äq¾ÁÖ8ØÁÍ½È.¾ÁÈ)ÃÁ»@ç�Â�ÍýÊs¼¿Ö�ã¿Ã Â È.¾ÁÃâÀ.ÃeÊs»^À IØÀ q ]ÙÀ Ã Â
àâØÁÃ�ÍÉÃ

À q I w W Á Ô U êÚÒLÓ w W
ò

Ê8Âb¾ G W Á ¬ µ Ä ÖPÈ.» ¬ � Ô Ò�Ó¡ Á Ä Ö�È.» i � ] × ×¥× Í Î �KÝ�� Ð
Â�¾ÁÔ
À Ã Ip¯ w W Á Ö�È.» Ä � »½¼¿¾!Î wTx � ]CÛ�ÐPÎ2\ Ô \

ò
Ð êÚÒLÓ Áw W Ê8Â�¾ G WqÖPÈ.» � Ô \¡ ÒLÓ Áw W Ö�È.» Ä � ] ×¥×¥× Ð × Î �KÝ¢¡ ÐY »½¼¿¾ÁÀöÊÉØÁÃoÀ.ÃP¾ÁÃ�ÍsÂbÊÉ¼¿¾ÁÀöí×ÃÁ¾~Ö�Ês¼�È.¾� Ä Î � Í�ãD~Ð:I � ãD'] U êÚÒLÓ

ò ¡ U w W Ê8Â�¾ G W ãD ¬ µ Ä »É¼¿¾ ò � ] U êÚÒLÓj U w W Ê8Âb¾ G W ãD ¬ µ Ä »É¼�¾ � Î �KÝ�° Ð



ß Û�¸
¥ -��~·Ù�8£¤}~{k���d�C¸�¹��?�§£¤}ËÝÂ�Rº7}��6-C¨��d{k�¥�§ô,�NÞ¦��ó?�|{k�F�T}k�d� �§ß

ÊsØ~ÃØÃ~¾Áç(Ã�Í½Ê�ÃÁÍÉÒ�ÃPÔ ß Â�ÅA¼¿ãóÊsÈ.¾Á¼¿Â�¾ìÀ q ¼¿»WÊÉÍsÂ�¾~»½í�È.Í½ÅYÃ�Ô÷ÊÉÈ
À q I w W ãD Ô ÒLÓ¡ ãD Ä Ö�È.» i � Ô ÒLÓ

ò
ÊsÂ�¾ Ä G W ãD Ä Ö�È.» ü � × Î �KÝ ñ Ð

úÕØÁÃéÂ*á.ÃPÍÉÂ�À.Ã�À q ¼�»
r À q s I w W ãD Ô Ò�Ó\ ¡ Î \^] �

ò
Ê8Â�¾ Ä G W½Ð ãD Ä × Î �KÝ Ù Ð

ðJ¾~Ô÷ÊÉØÁÃoç(Ã�Í½Ê-Ã~ÍÉÒ�ÂbÊÉ¼¿È.¾ ß Â�ÅY¼�ã�ÊÉÈ.¾Á¼ôÂb¾ìÀ Ã ÂbÊ wTx � ê w WW¼¿»ÕÀ.¼óá.Ã�¾÷ÒUäÀ Ã I Ô \j ¯ w W ãDÄ»É¼�¾1Î ê � Ô wTx � Ô Û�Ð × Î �KÝ \��UÐ
ª ØÁÃ�ÍÉÃ�äºÎ ãD Ä ÐÕÈbí�À q Â�¾ÁÔ÷¾ÁÈ.¾Kî]ÍÉÃ�»ÉÈ.¾�Âb¾ÁÖPÃoÊsÃ�ÍÉÅA»ÕÈ�í�À Ã Ø�Â*á.ÃæÒ(Ã�ÃP¾÷¼¿À.¾~È.ÍÉÃ�Ô Ýú�ÍÉÂ�¾Á»ýí�È.ÍÉÅA¼¿¾ÁÀöÊÉØÁÃ ß Â�ÅA¼¿ãóÊsÈ.¾Á¼¿Â�¾ r À q s ]LÀ Ã ¼¿¾UÊÉÈÑÊÉØÁÃæÍÉÃP»½È.¾�Â�¾~ÖPÃæÍÉÈ�ÊsÂbÊs¼�¾ÁÀ
í�ÍsÂ�ÅAÃ�àâ¼�ÊÉØ
ÊsØ~ÃæÀ�ÃP¾ÁÃ�ÍsÂbÊÉ¼¿¾ÁÀöí×ÃÁ¾ÁÖeÊs¼�È.¾ � Ä Î � Í DKÐ)I Î � Ô wTx

ê � Ô \
ê
Ûð] K j Ð'D Í Î �KÝ \[\"Ð

ÊsØ~Ãæ¾~Ã�à ß Â�ÅY¼�ã�ÊÉÈ.¾Á¼ôÂb¾AÊsÂ���Ã�»,ÊÉØÁÃ9í�È.ã¿ã�È"àâ¼�¾ÁÀ�í�È.Í½ÅåÀÎIçæ�D Ô \
ê
¿ D Ä ]	ÓÝDÏÖPÈ.» êÚèÈÍ Î �KÝ \ ê Ð

àâØÁÃ�ÍÉÃYÎ�D Í�è ÐWÂ�Í½Ã9ÖPÈ.¾���Ã~ÀUÂbÊsÃ9ç~Ø�Â�»ÉÃ îg»½ç�Â�ÖPÃæÖPÈqÈ.Í½ÔÁ¼¿¾�Â=ÊsÃP» Â ÊsØ~ÃæÍ½ÃP»½È.¾�Â�¾ÁÖ�ÃoçÁÍÉÈ¥�K¼¿ÅA¼�Êgä×ç�Â�ÍsÂbÅÑî
Ã�ÊÉÃPÍéæ Â ¾ÁÈ.¾~ã¿¼¿¾~Ã*Â�ÍÑÔÁÃeÊ-ÃÁ¾Á¼�¾ÁÀ�ç�Â�ÍÉÂ�ÅAÃ�ÊsÃ�Í ¿fÂ Â�¾ÁÔ$ÊÉØÁÃ3ÍÉÃ�»ÉÈ.¾ÁÂ�¾ÁÖPÃø»½ÊsÍ½ÃP¾ÁÀbÊsØ�Ó ÂbÍÉÃøÀ�¼�á.Ã�¾
ÒUä æòI w W Ô wTx

ê Í Î �KÝ \ ò Ð¿ I Ò�Ó
ñ
Î \^] �

ò
Ê8Â�¾ Ä G WÉÐ Í Î �KÝ \¥j�ÐÓ4I \j ¯ w W × Î �KÝ \ � Ð

úÕØÁÃæ»½ÊsÂ�ÒÁã¿Ã'�=�~Ã�Ôøç�È.¼¿¾UÊÉ»�Î^! � ÆÏÐWÂ�ÍÉÃD ê.ë�ì³I ÍÎÐÏ	í 8�î3 ¼óí wTx å w.ï�ð ñÐò� ¼óí w�x å w.ï^ð ñ ó È.Í wTx É w.ï�ð ñÐò Í Î �KÝ \ ¡ Ð



�L� ß Û�îðï	¨���{����§ô,�³Þ¦��ó|�?{k�F�T}k���
àâØÁÃ�ÍÉÃ w.ï^ð ñÐò I w W�Î ê ] ÃÄ ¯eÐ Â w6ï�ð ñ ó I w WPÎ ê Ô ÃÄ ¯eÐ Ý úÕØÁÃ�Ã~¾Á»½ÊsÂ�ÒÁã¿Ã��F�KÃPÔ�ç(È�¼¿¾UÊs»*Î Y´� Æ@Ð@Â�ÍÉÃ�À�¼�á.Ã�¾ÒUä DõôIë�ì³I ÍÎÐÏ	í ú î3 ¼�í w�x å w6ï�ð ñ ó� ¼�í w.ï�ð ñÐò É w�x É w6ï�ð ñ ó × Î �KÝ \ ° Ð
ðJã�ãJÊsØ~Ã�çÁØUäq»É¼�ÖP»øÂ�ÍÉÃNÊsØ~Ã�»ÉÂ�ÅYÃ Â�»õà@Ã�ØÁÂ�á�Ã�ÔÁ¼�»ÉÖIÃÁ»É»½ÃPÔ¯¼�¾ ÊÉØÁÃ çÁÍÉÃeáK¼�È)ÃÁ»÷Ö8Ø�Â�ç~ÊÉÃPÍ½»Ì¾ÁÈ�à
ÊsØÁÂbÊ�à@ÃöØ�Â*á.ÃAÂ�¾N¼¿Ô~ÃP¾UÊs¼�Ö*Â�ãHí�È.ÍÉÅ¥È�í6ÊsØÁÃ ß Â�ÅA¼¿ã�ÊÉÈ.¾Á¼¿Â�¾ Ý úÕØ~ÃöÈ.¾Áã�äÌÔÁ¼ã�èÃ�ÍÉÃP¾~ÖPÃö¼¿» Â ØÁÃ�ÍÉÃöÊsØ~Ã
ÃÁ¾Áç�ÃPÍýÊ-ÃÁÍ½Ò(Ã�Ô ß Â�ÅA¼¿ã�ÊÉÈ.¾Á¼¿Â�¾Ì¼�»�È.¾ Â*á.Ã�ÍsÂ�À.Ã Â ØÁÃP¾~ÖPÃÑÊsØÁÃöç�ÂbÍ½Ês¼�ÖPã�Ã�»ÉØ~È)ÃÁã¿Ô ÅAÈ�á.ÃÑÂ�Í½È)ÃÁ¾ÁÔNÊsØ~Ã
ÊsÈ�Í�ÃÁ»
ÈbíÕÊsØÁÃ ß Â�ÅA¼¿ã�ÊÉÈ.¾Á¼¿Â�¾ ÝÙ� ¼¿À Ýf�qÝ \º»½ØÁÈ�àâ»öÊsØÁÃ×ÊÉÈ.ÍÉ¼ÏÈ�íÕÊÉØÁÃ ß ÂbÅY¼�ã�ÊsÈ�¾Á¼ôÂ�¾ Â�¾~ÔþÊsØÁÃºÍ½Ã*Â�ã
ÊsÍÉÂ�ÖPÃ�»âÈ�í�çÁÂ�Í½ÊÉ¼¿ÖPã�ÃP»	ÃÁ¾~ÔÁÃPÍ,ÔÁ¼��(ÃPÍ½ÃP¾UÊâÖPÈ�¾ÁÔÁ¼�ÊÉ¼¿È.¾~» Ý¬õ«yx ²�¸N³N´k� ���A® �N¹&µ9·�·�°Y�Y³ ö ²
¹&²
® µ�±�µ9¹6·

ª�Ã�ÃÁ»½Ã�ÊsØÁÃ�È.¾ÁÃ�»ýÊ8Â�Ò~ã¿Ã��=�~Ã�ÔNç(È�¼¿¾UÊJ»½¼¿ÔÁÃæÊsÈYÖPÈ.ÅAçÁÍÉÃ�»É»JÊÉØÁÃ
Ò�Ã~¾ÁÖ8Ø Â Ä!×�A[× Â ÅYÂ���ÃæÊsØÁÃéÅYÈqÔ�ÃKî
ãôÂ=Ês¼¿È�¾ÌÊ-Ã~¾ÁÃ wTx É w6ï�ð ñ`ò Ý ð�»�àÄÃöÔ~ÃPÅAÈ.¾Á»½ÊÉÍsÂbÊÉÃPÔN¼�¾ ìÄØ�Â�ç~ÊÉÃPÍ9úÕØÁÍ½ÃPÃ Â ÊsØÁÃÑÂ�»½ç(Ã�Ö�Ê9ÍÉÂbÊs¼�Èº¼¿»JÂ
í×ÃÁ¾ÁÖeÊs¼�È.¾�È�í&Â�ÖeÊs¼�È.¾7D Â È.ÍÕÊsØÁÃ ß ÂbÅY¼�ã�ÊsÈ�¾Á¼ôÂ�¾�À Ý úÕØÁÃéÂ�»Éç�ÃPÖeÊ�ÍÉÂbÊs¼�ÈöÈ�í&Âöç�ÂbÍ½Ês¼�Ö�ÃÁã¿Â�ÍÄÊÉÈ.Í�ÃÁ»â¼�»
À.¼óá.ÃP¾÷ÒUä u ý I Ô æ Ô ÓA] ± Î�æ ]	ÓéÐ Ä Ô ê ¿ åÀÔ æ¦]LÓA] ± Î¶æ Ô ÓéÐ Ä Ô ê ¿ åÀ × Î �KÝ \ ñ Ð
úÕØÁÃéÂ*á.ÃPÍÉÂ�À.ÃæÂ�»½ç(Ã�Ö�Ê,ÍsÂbÊÉ¼¿Èö¼�»,ÖPÂ�ã¿ÖIÃÁãôÂ=ÊsÃPÔõÒUä

r u ý s I r ê D@Ö�È.» Ä è sr ê D@»½¼¿¾ Ä è s Í Î �KÝ \ Ù Ð
àâØÁÃ�ÍÉÃ Â í�È.ÍéÃZ�~Â�ÅAçÁã¿Ã Â r ê DÏÖPÈ�» Ä è s IÎu Ä gq d è u _q djD ê D6Ö�È.» Ä èK÷ Î�D Í�è Ð Â Âb¾ÁÔ ÷ Î�D Í�è Ðæ¼�»�ÊsØ~Ã
ÄÈ.ãóÊ���Å×Â�¾~¾ÌÔÁ¼�»½ÊÉÍÉ¼¿Ò�Ã~Ês¼�È.¾ Ý úÕØÁÃ
Â�¾ÁÂ�ã�ä�Ês¼�Öo»ÉÈ.ãÇÃ~Ês¼�È.¾�È�í r u ý s ¼¿»âÔÁ¼ã¶AÖ�ÃÁãóÊ,ÊÉÈ×È.ÒKÊ8Â�¼�¾ � ØÁÈ�àÄÃeá.Ã�Í Â
¼�Ê�Ö*Âb¾NÒ(Ã�Â�çÁçÁÍ½È��K¼�Å×ÂbÊÉÃPÔ3ÒUä÷ÊsØÁÃ
Â�»Éç�ÃPÖeÊ9ÍsÂbÊÉ¼¿ÈAÈ�í&ÊsØ~Ã�ÊsÈ.Í�ÃÁ»�àâØ~¼¿Ö8ØNØ�Â�»�Â�ÍÉÃPÂ×È�í K Õ q Â àâ¼�ÊÉØÕ q Â�»ÕÊsØÁÃoÃ�ÅY¼óÊÉÊ8Âb¾ÁÖPÃ9È�íHÊsØ~ÃæÒ�Ã*ÂbÅ Ý



ß Û�àùøä�|�?Ý.-ç/���£ ë|�T���¥�¥}k�d�Õú'�§�T�8£¨�Â���Ê��� ���

−0.1 −0.05 0 0.05 0.1
−0.1

−0.05

0

0.05

0.1

−0.04 −0.02 0 0.02 0.04
−0.02

−0.01

0

0.01

0.02

−0.075 −0.025 0.025 0.075
−0.04

−0.02

0

0.02

0.04

ï�}kô����T�Åß Û~Ü8õ úÕØÁÃ×ÊsÈ�ÍÉ¼6È�íÕÊsØ~ÃYá.È�ã�Ê8ÂbÀ.ÃYÅAÈqÔ�ÃÁãôÂ=Ês¼¿È�¾ ß Â�ÅA¼¿ã�ÊÉÈ.¾Á¼¿Â�¾ Â�¾ÁÔ�ÊÉØÁÃ×Í½Ã*Â�ã6ÊsÍÉÂ�ÖPÃYÈ�í
ç�Â�Í½ÊÉ¼¿Ö�ã¿ÃP» Ý úÕØÁÃéç�Â�ÍsÂbÅYÃeÊsÃPÍ½»�Â�Í½Ã ¿ I¦� × � °[� ê�ñFÍ ÓvI¦j × j§\ ù \���ú�û Í ¯�I¦� × � � Âæ ¼�»�Ô~¼��(ÃPÍÉÃ�¾UÊJí�È.Í�Ã*Â�Ö8Ø3À�ÍsÂ�çÁØDö	ÃÁç3ã¿Ãeí�Ê¥ö�æ I Ô \ × �[� � Ó Â Ã~ç3ÍÉ¼�À.ØUÊ¥ö�æ Iè� Â
ÔÁÈ�àâ¾ ösæòI ê × ��Ó Ý ú�ÍÉÂ�ÖPÃ�»@È�í>Êgà@ÈéçÁÂ�Í½ÊÉ¼¿ÖPã�ÃP»&ÂbÍÉÃâçÁã¿ÈbÊÉÊsÃ�Ôö¼¿¾
ÊÉØÁÃâÔÁÈ�àâ¾YÀ.ÍÉÂ�çÁØ Ý

úÕØÁÃºÊsÈ�ÍÉ¼ÄÍ½È�Ê8Â=ÊsÃºÂ=ÊöÂøÊ-Ã~¾ÁÃºÈ�í wTx S.ê ¼�¾�ÊsØ~ÃºãôÂ�Ò�í�ÍsÂ�ÅAÃ Â ÊÉØÁÃPÍ½Ã�í�È.Í½Ã×ÊsØ~ÃºÒ�ÃÁ¾ÁÖ8Ø#ã�ÃP¾ÁÀ�ÊÉØ



�§� ß Û�îðï	¨���{����§ô,�³Þ¦��ó|�?{k�F�T}k���
È.»½ÖP¼¿ã�ãôÂbÊÉÃP»ÕÂbÖPÖPÈ�ÍÉÔÁ¼�¾ÁÀöÊsÈn Äá I ÒLÓ

ê w W Õ qr u ý s Û r u ý s Ä ]â\^] Î r u ý s Ä"Ô \�Ð~»É¼¿¾GÎ w�x � ]�Û�Ð Ü Í Î �KÝ ê �UÐ
àâØÁÃ�ÍÉÃ � I ê�K Ú ¼¿»ÑÊsØÁÃÌÈ.ÍÉÒÁ¼óÊ8Â�ãâÂb¾ÁÀ.ã¿Ã�»ýÊ8Â�ÍýÊs¼¿¾~À í�Í½È.Å ÊsØÁÃÙ��ÍÉ»ýÊ×ÅAÈqÔ�ÃÁãôÂ=Ês¼¿È�¾þÊ-ÃÁÍ½¾ Ý úÕØÁÃ
ÅAÈKÔ�Ã~ãôÂbÊÉ¼¿È.¾AØ�Â�»ÄÊÉÈ
Ò�ÃJÊ-ÃÁÍ½¾ÁÃPÔõÈ�¾�Â�ÔÁ¼ôÂbÒ�ÂbÊs¼�Ö*Â�ã�ã�äéÊsÈ
çÁÍ½ÃP»½ÃPÍ½á�Ã9ÊsØÁÃ�Ã�ÅY¼óÊÉÊsÂ�¾ÁÖPÃ Ý ðJ»½»�ÃÁÅAÃ�ÊsØ~Ã
Ò�ÃÁ¾~Ö8ØN¼¿»JÃ>�qÊsÍsÂbÖ�ÊsÃ�Ô©P Ê-Ã~ÍÉ¾Á»9Â=í�ÊsÃPÍâÊsØ~Ã
ÅYÈqÔ�ÃÁã¿ÂbÊs¼�È.¾ Â ÊÉØÁÃ�¼�¾Á¼�ÊÉ¼ôÂ�ãGç~Ø�Â�»ÉÃéàâØÁ¼¿Ö8ØNÅYÂ���Ã�»JÊsØ~Ã
Ò�ÃÁ¾~Ö8ØøÅA¼¿¾Á¼�Å_ÃÁÅ È.¾÷ÃZ�qÊsÍÉÂ�Ö�ÊÉ¼¿È.¾�¼¿»ÕÀ�¼�á.Ã�¾ÌÒUäÛ�I K Î ò ê Ô ê P wTx Ð × Î �KÝ ê \"Ð
úÕØÁÃ�¾þÊsØÁÃAÒ�ÃÁ¾ÁÖ8Ø�¼�»éÖ�È.ÅAçÁÍÉÃ�»É»ÉÃ�Ô�ÒUäþÂ�íDÂ�Ö�ÊÉÈ.ÍéÈbí ± r u ý s ÝÙ� ¼¿À Ý?�qÝ ê ¼¿»oÊsØÁÃYçÁã¿È�ÊéÈ�í r u ý s Âb»wTxüû w6ï�ð ñ`ò Ý úÕØÁÃPÈ�ÍÉÃ�ÊÉ¼¿ÖPÂ�ã¿ãóä r u ý s À�ÈKÃ�»YÊsÈ�¼¿¾F��¾~¼�Êgä � ØÁÈ�à@Ã�á�ÃPÍ Â ¼¿¾ çÁÂ�Í½ÊÉ¼¿ÖPã�ÃÌ»½¼¿Å_Ã~ãôÂbÊÉ¼¿È.¾#¼�Ê
»sÂ=Ê-ÃÁÍÉÂbÊsÃ�»ÑÂbÊÑÂøábÂ�ãºÃ~ÃºÈ�í j � ñ Ô~ÃPç�ÃP¾ÁÔÁ¼�¾ÁÀNÈ.¾�ÊsØ~ÃºÃPÅA¼�Ê½Ê8Â�¾ÁÖ�Ã Ý l�È�ÊÉÃ×ÊsØ~¼¿»
Ö�È.ÅYç~ÍÉÃP»½»É¼�È.¾
ÍsÂ=Ês¼¿È�¼¿»º¼�¾ÁÔÁÃ�ç(Ã�¾ÁÔÁÃP¾UÊ�È�íoÅYÂ�Ö8ØÁ¼�¾ÁÃøçÁÂ�ÍsÂ�ÅAÃ�ÊÉÃPÍ½» Â àâØÁ¼¿Ö8Ø ÅAÃ*Â�¾~»×ÊsØÁÃøÒ�ÃÁ¾ÁÖ8Ø Ö*Âb¾ È.¾Áã�ä�Ò�Ã
ÖPÈ�ÅYçÁÍ½ÃP»½»ÉÃPÔ�ÒUä ê � ò ÊÉ¼¿ÅAÃP»@ÊÉØÁÍÉÈ6ÃÁÀ.ØºÊsØ~¼¿»ÄÅAÃ�ÊÉØÁÈqÔ Ý úÕØÁ¼¿»Ä¼¿»ÄÃPÂ�»½äYÊsÈ_Ã~¾ÁÔÁÃPÍ½»½ÊsÂ�¾ÁÔ÷Ò(Ã�Ö*Â6ÃÁ»½Ãw.ï^ð ñÐò ¼¿»WÊsØ~ÃæÒ~¼�í×ÃÁÍ½Ö*ÂbÊÉ¼¿È.¾õç�È.¼¿¾UÊ Ýý �����! þL$+9'B�>Éÿ¤.^¼ç-'*81�;=;§E2.09 E 9���/21�BDC§*8.^9���C§."*��sJ^1���E 9KJ^;
²9Â�ÅAçÁ¼¿¾~ÀâÂ�¾ÁÔæù@ÃÁÂ�¾UÊ-ÃÁÅ	�ZÃÁÖeÊ-Ã�Â=Ês¼¿È�¾éÅ_Ã~»½ÊHÒ(ÃÏ¼¿¾~ÖPãºÃ~ÔÁÃPÔoí�È.Í1ÃPã�ÃPÖeÊsÍÉÈ�¾�»½ÊÉÈ.ÍsÂbÀ.Ã6ÍÉ¼¿¾~À.»!Ò(Ã�Ö*Â6ÃÁ»½Ã
ÊsØ~ÃéÔ�ÂbÅYçÁ¼�¾ÁÀÑÊs¼¿ÅAÃ9¼¿»âÈ�í�ÊsØÁÃæ»sÂ�ÅAÃæÈ.ÍÉÔÁÃ�ÍJÂb»,ÊÉØÁÃæá�È.ã�ÊsÂ�À.ÃoÅAÈKÔ�Ã~ãôÂbÊÉ¼¿È.¾õç�ÃPÍ½¼¿ÈqÔ Ý ð�ÖPÖPÈ�ÍÉÔÁ¼�¾ÁÀ
ÊsÈ�ÊÉØÁÃ,ìÄÃP¾UÊÉÍsÂ�ã � ¼�ÅY¼óÊ�úÕØÁÃ�È.ÍÉÃ�Å Â ÊÉØÁÃWù"Ã�Â�¾UÊ�ÃÁÅ �ZÃÁÖeÊ-Ã�Â=Ês¼¿È�¾ö¼¿»d��ÃÁ»ýÊÏÂ�áæÂ�ÃÁ»É»½¼ôÂ�¾
Ô~¼¿»½ÊÉÍÉ¼�Ò�Ã~ÊsÃ�Ô
¾ÁÈ.¼�»ÉÃ Ý úÕØÁÃ�ÔÁÃeáq¼ôÂbÊÉ¼¿È.¾AÈ�íGÊÉØÁÃJ¾ÁÈ�¼¿»ÉÃ,¼¿»ÏÍÉÃ�ãôÂbÊÉÃPÔ×ÊÉÈéÊÉØÁÃJÅYÂ�Ö8ØÁ¼�¾ÁÃ�çÁÂ�ÍsÂ�ÅAÃ�ÊÉÃPÍ½» Ý úÕØÁÃ�Ô�Â�ÅAçÁ¼¿¾~À
Â�¾ÁÔ÷ù"Ã�Â�¾UÊ-Ã~ÅÃ�ZÃÁÖ�Ê�Ã�ÂbÊÉ¼¿È.¾õÊsÃ�ÍÉÅÓÖPÂ�¾÷Ò(Ã9¼�¾ÁÖPãÇÃÁÔÁÃPÔ÷¼¿¾UÊÉÈöÅ×Â�ç~çÁ¼¿¾ÁÀöÃ�ù"Ã�ÂbÊs¼�È.¾Á»,Â�»Õí�È.ã�ã¿È�àâ»ÍÎÐÏ G�Ñ 8 Ã I G�Ñ ] êTK�ÒLÓ Ò ÑÒ Ñ 8 Ã I Ò Ñ ]üÖ ¿yØ+ þ^Ù Î \^]	¯�»É¼¿¾GÎ w�x � ]�Û�Ð½ÐPÎ�»É¼¿¾ G�Ñ 8 Ã Ô »É¼�¾ G WýÐ Ô i g� Ø��
	 Ò Ñ ]�� Ñ Í Î �KÝ ê.ê Ð



ß Û�àùøä�|�?Ý.-ç/���£ ë|�T���¥�¥}k�d�Õú'�§�T�8£¨�Â���Ê��� �§O

−8 −7 −6 −5 −4 −3 −2 −1 0
∆/C

0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

5.5
6

rb

ï�}kô����T�Åß Û�¸ õ úÕØÁÃÑÂ�»Éç�ÃPÖeÊæÍsÂbÊÉ¼¿ÈºÖ8Ø�Âb¾ÁÀ.ÃP»oÂb»Ýæ À.ÈqÃP»JÊÉÈ Ô Ó Ý úÕØ~ÃAçÁÂ�ÍsÂ�ÅAÃ�ÊÉÃPÍ½»�ÃÁ»ÉÃ�Ô�ÂbÍÉÃ�ö¯�I � × \ Í Ó I ñ × ñUê ù \¥� ú�û Í w W©I � × ��� ò � ê�Ù=Í ¿ I � × � °[� ê�ñ.ê ��¡ Í Õ q I�=× � ù \��Êú�û × úÕØÁÃJÖ�¼¿Í½ÖPã¿Ã�»ÄÂb¾ÁÔYÊÉÍÉ¼ôÂb¾ÁÀ.ã¿Ã�»6Â�ÍÉÃâÊsØ~ÃJÂ�»½ç(Ã�Ö�ÊÄÍsÂbÊÉ¼¿È.»6È.Ò~ÊsÂ�¼¿¾~ÃPÔÑí�ÍÉÈ.Å
ç�Â�Í½ÊÉ¼¿Ö�ã¿Ãæ»É¼¿Å�ÃÁãôÂbÊÉ¼¿È.¾ Â Âb¾ÁÔ3ÊsØÁÃ�Ö�ÃÁÍýá.Ãö¼¿»,ÊsØÁÃ
Â�»Éç�ÃPÖeÊ9ÍsÂbÊÉ¼¿ÈYÈ�í&ÊsØÁÃéÊsÈ.Í�ÃÁ»Jàâ¼�ÊÉØ
ÊsØÁÃAÂ�Í½Ã*ÂõÈ�í K Õ q�Ý r u ý s »ÉÂbÊ-ÃÁÍÉÂbÊsÃ�»æÂbÊ�j ×¢� jõí�È.Í�ÊsØÁ¼�»9»ÉÃeÊ�È�í@ç�Â�ÍÉÂ�ÅAÃ�ÊsÃ�ÍÉ» Ý úÕØÁÃ
ÊsÍÉ¼¿Â�¾ÁÀ.ã�ÃP»6Â�Í½Ã,í�È�Í6ÊÉØÁÃ,»É¼¿Å�ÃÁãôÂbÊÉ¼¿È.¾
àâ¼óÊsØAù"Ã�Â�¾UÊ-ÃÁÅ;�ZÃ~Ö�Ê-ÃÁÂbÊs¼�È.¾ºÂ�¾~ÔYÔ�ÂbÅYçÁ¼�¾ÁÀ Â
Ò�Ã~Ê�ÊÉØÁÃ�ä�Â�Í½Ã×»ÉÃeÊ
ÊsÈN�PÃPÍ½Èøí�È.ÍoÊsØÁÈ�»ÉÃºÖ�¼¿ÍÉÖ�ã¿Ã�» Ý úÕØ~ÃºÃPÅA¼�Ê½Ê8Â�¾ÁÖ�ÃY¼�»éç~ÍÉÃP»½ÃPÍýá.ÃPÔ
çÁÍÉÈ�áq¼¿ÔÁÃ�Ô w W·É w ý �§��8 Ý

àâØÁÃ�ÍÉÃ� Ù ¼�»oÊÉØÁÃ×ã�È.¾ÁÀ.¼óÊ-ÃÁÔ~¼¿¾�Â�ã�Ô�Â�ÅAçÁ¼¿¾~À�ÊÉ¼¿ÅAÃAÂ�¾ÁÔ�� Ñ ¼¿»oÊsØÁÃAù"Ã�Â�¾UÊ-Ã~Å Ã>�~Ö�¼�ÊsÂbÊs¼�È.¾NÊsÃPÍ½Å Â
àâØÁ¼�Ö8ØÌ¼�»ÕÀ.ÃP¾ÁÃ�ÍsÂbÊÉÃPÔÌÒ�äõÂ7áoÂ6ÃÁ»½»É¼¿Â�¾�ÔÁ¼¿»ýÊsÍÉ¼�Ò�Ã~ÊÉ¼¿È.¾õ¾ÁÈ�¼¿»ÉÃ�àâ¼óÊsØ÷ÔÁÃ�áq¼¿ÂbÊs¼�È.¾ Û ò�ò Ün�� I êU Ô q  Ù Ó�� " Ä D ¬

ê D Ä ]CD i I ± Ó � � ¬ " Ä D ¬ Î �KÝ ê�ò Ð
àâØÁÃ�ÍÉÃ Ó��¨I ò × ñ.ò ù \���ú Ã ¬ � Â Ó � I \ × � ° Ù ù \���ú Ã P � Ä S Î¶� A Â
Ð ¬ Â Ô q ¼¿»ºÊÉØÁÃ ÍÉÃ�á�È.ãºÃKÊs¼¿È�¾
í�ÍÉÃ�ù"ÃÁÃP¾ÁÖeä Â � ¼¿»öÊsØ~ÃÌÃ�¾ÁÃPÍ½À�ä#¼¿¾%áoÃ�� Â  Ù ¼¿»öÊÉØÁÃÌã�È.¾ÁÀ.¼óÊ-ÃÁÔ~¼¿¾�Â�ã@Ô�Â�ÅAçÁ¼¿¾~À ÊÉ¼¿ÅAÃ Â " ¼¿»ÑÊsØ~Ã



�8y ß Û�îðï	¨���{����§ô,�³Þ¦��ó|�?{k�F�T}k���
ÍÉÃ�ãôÂbÊÉ¼�áq¼¿»ýÊs¼�Ö×ÃP¾~ÃPÍÉÀbä�íDÂ�Ö�ÊÉÈ.ÍAÂ�¾ÁÔCD Ñ Î Ú I ê=Í8òFÍ jUÐ
Â�ÍÉÃºÊÉØÁÃÌÍÉÂ�ÔÁ¼¿ÂbÊs¼�È.¾þ¼¿¾UÊÉÃPÀ.ÍÉÂ�ã¿»ÑÂ�ã�È.¾ÁÀNÊsØ~Ã
ÅYÂ�Ö8ØÁ¼¿¾~Ã Ý

ú�Â���ÃÑÊsØÁÃ�l,ÃZ�qÊ � ¼�¾ÁÃ*ÂbÍoìÄÈ.ã¿ã�¼¿ÔÁÃ�Í9ËøÂb¼¿¾©²9Â�ÅAçÁ¼¿¾~Àõå,¼�¾ÁÀ�Â�»oÂ�¾ Ã>�ÁÂbÅYçÁã�Ã Ý úÕØÁÃÑÍÉÃPã¿ÂbÊsÃ�Ô
ç�Â�ÍÉÂ�ÅAÃ�ÊsÃ�ÍÉ»YÂ�ÍÉÃ÷ã¿¼�»½ÊÉÃPÔ$¼�¾�ÊsÂ�ÒÁã�Ã �qÝ \ Ý � ¼¿À Ý:�KÝ ò »ÉØ~È"àâ»YÊsØÁÃÌÔ�Â�ÅAçÁ¼¿¾ÁÀ çÁÍ½ÈKÖ�ÃP»½»ºÈ�í+l � î¥

�L¦|{~��ß�Û~Ü8õ Æ�Â�ÍsÂ�ÅAÃ�ÊÉÃPÍ½»âí�È�Í5l�ÃZ�qÊ � ¼¿¾ÁÃPÂ�Í,ìÄÈ.ã¿ã�¼¿ÔÁÃ�ÍÕËøÂb¼¿¾Ù²9Â�ÅAçÁ¼¿¾ÁÀ
å,¼�¾ÁÀÌÛ ê�Ù Ü
ì ï w W n�� Ö n á Ö  Ù � W � Ó Â��%ë Ô n��
Å á9Ã�� é å,Â�ÔÁ¼¿Â�¾ ÅY» �����=Ê-ÃÁÍ½¾ Î ù \���úji�Ð Ë�� Ë ß � Î ù \��Êú�û Ð

ê�Ù.Ù Ý�° Ù.ê \ Ý Ù.ñ � Ý ��� ò � � Ý � Ù \ � Ý � � j ê Ý ¡ °[°�° ê Ý Ù � \ Ý � ° ° \¥j ò Ý¢��¡
ìÕËN²9å Ý úÕØÁÃæÒ�ÃÁ¾ÁÖ8ØÌã¿ÃP¾~À�ÊsØ Â ÅAÈ.ÅAÃP¾UÊ-Ã~Å�»Éç~ÍÉÃ*ÂbÔ3Â�¾ÁÔ÷ÃPÅA¼�Ê½Ê8Â�¾~ÖPÃ9ÔÁÃ�ÖPÍÉÃPÂ�»ÉÃéÃZ�Kç�È.¾ÁÃP¾UÊÉ¼ôÂ�ã�ã�ä
Â�¾ÁÔ Í½Ã*Â�Ö8Ø ÃPù"ÃÁ¼�ã¿¼¿Ò~ÍÉ¼ºÃ~Å Â=í�ÊsÃPÍ ° ÅY» Ý úÕØÁÃÑÃ�ù@Ã~¼¿ã¿¼�ÒÁÍÉ¼ÇÃÁÅ ç�Â�ÍýÊs¼¿Ö�ã¿Ã
Ô~¼¿»½ÊÉÍÉ¼�Ò�Ã~Ês¼�È.¾3¼�»�áæÂ�ÃÁ»É»½¼ôÂ�¾ Â
Â�¾ÁÔºÊÉØÁÃ9ÔÁÃeáK¼¿ÂbÊs¼�È.¾Á»ÄÂ�ÍÉÃ�Ã>�~Â�Ö�ÊÉã�ä×ÊÉØÁÃ�¾ÁÈ�ÅY¼�¾�Â�ã>á�ÂbãºÃÁÃ�» Ý úÕØÁÃ9Í½ÃP»�Ã~ã�Ês»Ä¼¿¾ÁÔÁ¼�Ö*ÂbÊÉÃ�ÊÉØÁÃ9ù"Ã�Â�¾UÊ-ÃÁÅ�ZÃÁÖeÊ-Ã�Â=Ês¼¿È�¾#ÊÉÃPÍ½Å ¼¿¾�ï&ù Ý0�qÝ ê.ê ¼�»öÖPÈ.Í½ÍÉÃPÖeÊ Ý úÕØÁÃ�ã¿Ãeí�ÊÑçÁã¿ÈbÊÑÈ�í � ¼¿À Ý��KÝ j »½ØÁÈ�àâ»YÊsØ~Ã÷Ò�ÃÁ¾ÁÖ8Ø
ã¿Ã�¾ÁÀ�ÊÉØ×È.»½ÖP¼¿ã�ãôÂbÊÉ¼¿È.¾éàâØÁ¼¿ã�Ã,ÊÉØÁÃ�ÅAÈqÔ�ÃÁãôÂ=Ês¼¿È�¾AÍÉÂ�ÅAçÁ»%ÃÁç Ý úÕØÁÃJÂ�ÅYç~ã¿¼�Ê�ÃÁÔÁÃÕÈ�íèÊsØÁÃ�È.»ÉÖ�¼¿ã¿ã¿ÂbÊs¼�È.¾
¼�»
Ô�Â�ÅAç�ÃPÔAÖPÈ.ÅAç�Â�Í½ÃPÔöÊsÈoÊsØ�Â=ÊÏàâ¼óÊsØÁÈ6Ã~Ê6Ô�Â�ÅAçÁ¼¿¾~ÀéÂb¾ÁÔYù"Ã�Âb¾�Ê�ÃÁÅ®�ZÃÁÖeÊ-Ã�Â=Ês¼¿È�¾ Ý úÕØÁÃ,ÍÉ¼�À.ØUÊ6çÁã¿È�Ê
»ÉØ~È"àâ»,ÊsØÁÃoÃ�ÅY¼óÊÉÊ8Âb¾ÁÖPÃ9á.Ã�ÍÉ»�ÃÁ»�Ê�ÃÁÍÉ¾÷Ô�ÃÁÍ½¼¿¾ÁÀÑÊsØÁÃo»ÉÂ�ÅYÃoçÁÍ½ÈKÖ�ÃP»½» Ý úÕØ~ÃéÃ�ÅY¼óÊÉÊ8Âb¾ÁÖPÃo¼¿¾~ÖPÍÉÃPÂ�»ÉÃo¼�»
á.Ã�Í½ä�»½Å×Â�ã�ã(àâØÁÃ�¾ÌÔÁÂ�ÅYç~¼¿¾ÁÀÑÂ�¾~ÔÌù"Ã�Â�¾UÊ�ÃÁÅ �ZÃÁÖeÊ-Ã�Â=Ês¼¿È�¾ÌÂbÍÉÃo»ÉÃeÊ,ÊÉÈ��PÃPÍ½È Â ØÁÈ�à@Ã�á�ÃPÍ Â ÊsØ~ÃPÍÉÃo¼�»
ÊsÃ�¾�ç�ÃPÍ½ÖPÃ�¾�Êæ¼�¾ÁÖPÍ½Ã*Â�»½ÃÑàâØ~ÃP¾�ÊÉØÁÃ�äNÂ�ÍÉÃÑ¼¿¾~ÖPãºÃ~ÔÁÃPÔ ÝäÏ á�ÃPÍÉÂ�ã¿ã�ÊÉØÁÃ
á.È.ãóÊ8Â�À�ÃöÅYÈqÔ�ÃÁã¿ÂbÊs¼�È.¾3È��(ÃPÍ½»
Â�¾~Ã�à ÅAÃ�ÊsØ~ÈKÔ�ÊsÈ�Ö�È.ÅAçÁÍÉÃ�»É»YÊÉØÁÃ÷Ò�ÃÁ¾ÁÖ8Ø Ý Æ&ÍÉÈ�ÊÉÈ.¾ Ò�Ã~¾ÁÖ8Ø Ö*Âb¾ Ò(Ã÷ÖPÈ�ÅYçÁÍ½ÃP»½»ÉÃPÔ ÒUä ê � ò
Ês¼�ÅYÃ�»Jàâ¼�ÊÉØÁÈ)Ã~Ê�»É¼¿À�¾Á¼���ÖPÂ�¾UÊ9ÃPÅA¼�Ê½Ê8Â�¾~ÖPÃ�¼�¾ÁÖPÍ½Ã*Â�»½Ã Ý�ß È�àÄÃeá.Ã�Í Â ÊsØÁÃöÃ�ã¿ÃPÖeÊsÍ½È.¾ Ò�ÃÁ¾ÁÖ8Ø Ö*Â�¾NÈ�¾Áã�ä
Ò�ÃºÖPÈ.ÅAçÁÍ½ÃP»É»½ÃPÔ#ÒUä \ � ê Ês¼�ÅYÃ�»�Ô�Ã~Ã×ÊsÈ3ÊÉØÁÃºÍsÂbÔÁ¼ôÂbÊÉ¼¿È.¾�Ô�Â�ÅAçÁ¼¿¾~À Ý úÕØÁÃ�ÍÉÃõ¼�»öÂ�ã¿»½ÈNÂø»½ã¿¼¿À�Ø�Ê
ÃPÅA¼�Ê½Ê8Â�¾~ÖPÃ
¼�¾ÁÖPÍ½Ã*Â�»½ÃöÔ�ÃÁÃ
ÊsÈºÊÉØÁÃ
ù"Ã�Â�¾UÊ�ÃÁÅü�ZÃÁÖeÊ-Ã�Â=Ês¼¿È�¾ Ý úÕØ~¼¿»�ÅAÃ�ÊÉØÁÈKÔN¼�»�¾ÁÈ�Ê�»ÉÈ�Ãt�(ÃPÖeÊs¼�á�Ã
¼¿¾�Ö�È.ÅYç~ÍÉÃP»½»É¼�¾ÁÀöÊsØÁÃoÒ�ÃÁ¾~Ö8Ø Ý



ß Û�àùøä�|�?Ý.-ç/���£ ë|�T���¥�¥}k�d�Õú'�§�T�8£¨�Â���Ê��� ��Ü

−0.3 −0.15 0 0.15 0.3
φ −φs

0

2

4

6

8

10

P
a
rt

ic
le

 D
is

tr
ib

u
tio

n

−0.004 −0.002 0 0.002 0.004
δ

0

100

200

300

400

500

P
a
rt

ic
le

 D
is

tr
ib

u
tio

n

0 0.0001 0.0002 0.0003 0.0004
J

10

100

1000

10000

100000

P
a
rt

ic
le

 D
is

tr
ib

u
tio

n

0 2000 4000 6000 8000 10000
Turn

0

20

40

60

80

100

D
a
m

p
in

g
 P

ro
ce

ss

ε(x10−5)

σδ(x10−4)

σφ(x10−2)

ï�}kô����T�Åß Û�à õ ëg¾�Â�ã¿ã6çÁã�È�Ês» Â Ö�¼¿ÍÉÖ�ã¿Ã�»
Â�Í½Ã×È.Ò~ÊsÂ�¼¿¾~ÃPÔ�í�Í½È.Å ç�Â�ÍýÊs¼¿Ö�ã¿ÃA»É¼�Å_ÃÁãôÂ=Ês¼¿È�¾ Â »ÉÈ.ã�¼¿Ô�ã�¼¿¾ÁÃÑ¼�»áæÂ6Ã~»É»É¼¿Â�¾÷ÔÁ¼¿»ýÊsÍÉ¼�Ò�Ã~ÊÉ¼¿È.¾õàâ¼�ÊÉØÌÊÉØÁÃé¾~È.ÅY¼�¾�Â�ãGÔ~Ã�áq¼ôÂbÊÉ¼¿È.¾ Ý·Y ç~ç(Ã�ÍJã¿Ãeí�Ê¥ö@Æ�Â�ÍýÊs¼�ÖPã¿Ã
ÔÁ¼¿»ýÊsÍÉ¼�Ò�Ã~ÊÉ¼¿È.¾#Â�ã�È.¾ÁÀ G Ô G W
ÔÁ¼¿Í½ÃPÖ�ÊÉ¼¿È.¾ Â n á¨I � × � � ò å,Â�ÔÁ¼¿Â�¾ Ý	Y çÁç�ÃPÍAÍÉ¼�À.ØUÊ¥ö
Æ�Â�ÍýÊs¼¿Ö�ã¿Ã&ÔÁ¼�»½ÊÉÍÉ¼¿Ò�Ã~Ês¼�È.¾oÂ�ã¿È�¾ÁÀ Ò ÔÁ¼¿Í½ÃPÖ�ÊÉ¼¿È.¾ Â n�� Iâ� × � Ù \ é Ýf� È�à@ÃPÍHã¿Ã�í�Ê ö!Æ�Â�ÍýÊs¼�ÖPã¿Ã
ÔÁ¼¿»ýÊsÍÉ¼�Ò�Ã~ÊÉ¼¿È.¾�Â�ã¿È�¾ÁÀÌÊÉØÁÃõÂ�ÖeÊs¼¿È�¾ Á Â ÊsØÁÃµáoÂ6ÃÁ»½»É¼¿Â�¾þÔÁ¼�»½ÊsÍ½¼¿Ò�ÃKÊs¼¿È�¾�¼�»�À.¼óá.ÃP¾�Ò�ä÷ Î Á ÐÅI Ã Ø A ú"! µ  Ø Ýò� È�àÄÃ�ÍõÍÉ¼�À.ØUÊ¥ö úÕØÁÃ ã¿È.¾ÁÀ�¼�Ê-Ã~ÔÁ¼¿¾�Âbã,ÔÁÂ�ÅYç~¼¿¾ÁÀþç~ÍÉÈqÖPÃP»½»õÈ�íl � ìÕËN²9å ¼¿¾�ÊÉØÁÃ���Í½»½Êì\¥��ÅY»�Âbí�ÊsÃ�Í�¼�¾��½ÃPÖeÊs¼¿È�¾ Ý úÕØÁÃ×¼¿¾��½Ã�Ö�Ês¼�È.¾�çÁÂ�ÍsÂ�ÅAÃ�ÊÉÃPÍ½»
Â�ÍÉÃ n á�I � × \ � Â n�� I � ×¢� é Â ÊsØÁÃ ¾ÁÈ�ÅY¼�¾�Â�ãJÃ�ù"ÃÁ¼¿ã�¼¿ÒÁÍ½¼ºÃÁÅ ç�Â�ÍÉÂ�ÅAÃ�ÊsÃ�ÍÉ»÷Â�Í½Ãn á�Ip� × � � ò Â�¾~Ô n�� Ip� × � Ù \ é Ý



�,¸ ß Û�îðï	¨���{����§ô,�³Þ¦��ó|�?{k�F�T}k���

3000 4000 5000 6000
Turn

3

4

5

6

7

8

9

10

σ
φ 
(x

1
0

−
2
)

0 1000 2000 3000 4000 5000 6000
Turn

4.5
4.6
4.7
4.8
4.9

5
5.1
5.2
5.3
5.4
5.5

ε(
X

1
0

−
6
)

  

 

 

ï�}kô����T�Åß Ûz�õ 
SÃÁ¾ÁÖ8Ø�ã�ÃP¾ÁÀ�ÊÉØ�Â�¾ÁÔ ÃPÅA¼�ÊÉÊsÂ�¾ÁÖ�Ã$Ö8Ø�Â�¾~À.ÃP»�àâØ~¼¿ã¿Ã�ÊsØÁÃ�á.È.ãóÊ8Â�À�Ã$ÅAÈKÔ�Ã~ãôÂbÊÉ¼¿È.¾
»½ÊsÍ½ÃP¾ÁÀbÊsØFÍsÂ�ÅAçÁ»�Ã~ç Ý úÕØÁÃ�»½ÊÉÍÉÃP¾~À�ÊsØF¼¿¾~ÖPÍÉÃPÂ�»ÉÃ�» Â�ÔÁ¼¿Â�Ò�ÂbÊÉ¼¿Ö*Âbã¿ã�ä$í�ÍÉÈ.Å Ê-ÃÁÍ½¾\ Â ���[��ÊsÈ�Ê-ÃÁÍ½¾ ¡ Â ���[� Ý úÕØÁÃN»½È.ã¿¼�Ô$ã�¼¿¾ÁÃÌØ�Â�»ºÔ�ÂbÅYçÁ¼�¾ÁÀþÂb¾ÁÔ ù"Ã�Â�¾UÊ-ÃÁÅ �ZÃÁÖ î
Ê-Ã�ÂbÊÉ¼¿È.¾ È.¾�Â�¾ÁÔ ÊsØ~ÃYÔÁÈbÊÉÊsÃ�Ô�ã�¼¿¾ÁÃöÔ~ÈKÃ�»É¾ Ú Ê Ý Æ�Â�ÍÉÂ�ÅYÃeÊsÃ�ÍÉ»éÂ�ÍÉÃ�¯äI½� × � � Í ¿ I� × � °[� ê�ñFÍ æ I Ô \ × � �³ù Ó Í Ó I j × j§\ ù \��Êú�û Ý¨� Ãeí�Ê¥öð
SÃ~¾ÁÖ8Ø�ã�ÃP¾ÁÀbÊsØ�È.»{î
ÖP¼¿ã�ãôÂbÊÉ¼¿È.¾ Ý ðWÊõÊsØÁÃ ÅA¼¿¾Á¼�Å_ÃÁÅ Ò�ÃÁ¾ÁÖ8Øiã¿Ã�¾ÁÀ�ÊÉØiç�È.¼�¾�Ê Â n á�I � × ��j ò � Í � × � ò.ò �
Â�¾ÁÔ n�� I \ × ê \ ù \�� ú ¬ Í \ ×���¡�ù \�� ú ¬ ÍÉÃ�»Éç�ÃPÖ�ÊÉ¼�á�ÃPã�ä Ý å,¼�À.ØUÊ¥öæúÕØÁÃ×Ö8ØÁÂ�¾ÁÀ.ÃAÈ�í
ÃPÅA¼�ÊÉÊsÂ�¾ÁÖ�Ã Ý ëg¾þÊÉØÁÃºçÁÍ½ÃP»ÉÃ�¾ÁÖPÃõÈbí�ÔÁÂ�ÅYç~¼¿¾ÁÀøÂ�¾ÁÔþù"Ã�Â�¾UÊ�ÃÁÅ �ZÃ~Ö�Ê-ÃÁÂbÊs¼�È.¾ Â ÊsØ~Ã
ÃPù"ÃÁ¼¿ã�¼¿ÒÁÍ½¼ºÃÁÅFÃ�ÅY¼óÊÉÊ8Âb¾ÁÖPÃ@¼¿»)j × ñUê ù \���ú�û Ý úÕØÁÃâÃPÅA¼�Ê½Ê8Â�¾ÁÖ�ÃW¼¿¾~ÖPÍÉÃPÂ�»ÉÃ�»6Â�Ò�È)Ã~Ê&ÊsÃ�¾
ç(Ã�ÍÉÖPÃ�¾UÊ,àâØ~ÃP¾�Ô�Â�ÅAçÁ¼¿¾~ÀöÂ�¾ÁÔ�ù"Ã�Â�¾UÊ-Ã~Å �ZÃÁÖeÊ-Ã�ÂbÊÉ¼¿È.¾�ÂbÍÉÃ�¼�¾ÁÖPãÇÃÁÔÁÃPÔ Â Ò�Ã~ÊWá�ÃPÍýä
ã¿¼�Ê½Êsã�Ã�àâØÁÃ�¾ÌÊsØ~Ã�ä�Â�Í½Ão»ÉÃ�ÊâÊÉÈ���ÃPÍ½È Ý



# �¥}~�?ôù¸µ�d�?¦f{k�Nîìï=/�����}k��}~��������/��d£¨ë?�T���¥�È�6-?�Høä�|�?Ý.- �,à

$ % &(' )�*�+ ,

- .�/10 « 2 354 6 78* 9 : $ &<; / ) / * . )�3

$ 35= ' +>* .?. )@% * A 4 0 B %

CEDGF HJILKNMN�7±POPQRK1SY��I
TVUXWZY�[]\^U`_�acbdY"egf�\ih`j]bdY�WZalkVm@UXnoUqpr_cjsp`butZ_cY"[vprf�_�Ywprf�_yx�Ã�Y"azf�_cU{\vY�eEWZj]|�h`bG}v_lprf�_yx�_~\vj
tZW���_�p`WZj]_���\iU���hXUXp�|�h`bd|�bdUX_ceLx�n]���o�Vbi��j�\vY"Y�\vY"ew������nv_ch`U�WZY��~�d�d�����v������m8WZh`Uqp���_Vx�h`W�_Y��n
h`_�}oWZ_���prf�_yj]_�p`f�b�e��1�{U`U�Ã�j]_�p`f�_yacbdj�x"WZY�_�eE}vbdt�pr\v[d_�bv� p¡��b�hq�¢Uqn�Uqpr_�j�U£WZUÂL¤
¥�¦1§�Â�¨©�ªU`WZYV¥�« u U`W�YJ¤ � ¥^«¬¥®r¦¯�
° ¤²±"���G¦
�³f�_�h`_ u W�U{prf�_^hX_ctZ\iprW�}d_�Uqprh`_�Y�[vp`f?bi��p`f�_^U`_�acbdY�e´hq��Uqn�Uqpr_�jgµ � WZU{p`f�_^f�\vhXj�bvY�WZa�Y"Ã�j�x�_�h
\vY�e�¥®Rp`f�_yWZY�W�prWZ\vt�hX_ctZ\iprW�}d_�|�f�\iU`_�\vY�[dt�_v��¶·_�p u \iY�eg¥®£Ur\ip`WZUq�¸n�prf"_y��bvtZtZbG�³W�Y�[�_c¹"Ã�\�prWZbvY�Uº�» ¤�¥�¦º ¥ ¼ ác½Lá â §��"° \vY"e º Ä » ¤�¥�¦º ¥ Ä ¼ ác½Lá â §¾�"¿ ¤²±"�ÁÀv¦
ÂRf�_�h`_���bvh`_ u §ÄÃ Å Ä a�bdU Ä ¥�ÆÇ«ÈU`W�Y Ä ¥�ÆÅ Ä ° ¤²±"�É�d¦

¥��§ËÊ Å ¥�Æ¢Ê�\vhXacU`W�Y U`W�Y£¥�ÆÅ ÄzÌ ¿ ¤²±"�Í��¦



Î�Ï ÐÇÑ #EÒ~Ó²Ô Õ ¸wÖ�×JØ¢Ù�Ú�ÛwÜÞÝàß�á Ó�âGÓ Ú Ò�â Ö�Ý�Ö�ãåä æ©Ú Ò~Ò�â©ç Ú~ø^× Ô èiç
éVbipr_�¥�Æ£j_Ã�UXp�x�_uh`_�êëa~\vt�a�Ã�tZ\ipr_�ePx�_�a~\6Ã"U`_uprf�_uU`_�acbdY"e�hq��Uqn�Uqpr_�jì\itZU`bwa�bdY�prhXWZx�Ã"p`_cU�prbEprf"_
prbipz\vt�}vbdt�pr\v[d_y\ip³|"f�\vU`_�¥�Æz�

0 0.5 1 1.5
φ/π

−1

−0.5

0

0.5

1

P
o

te
n

ti
a

l

0 0.5 1 1.5 2
φ/π

0

2

4

6

P
o
te

n
tia

l

Ü Ó�Õ ×Jæ©ÚPÐÇÑ²í�î ÂRf�_�|�bvpr_�Y�prWï\itðazf�\vY�[d_Le�Ã�_�p`b�prf�_�U`_�acbdY�e@f�\vh`j]bdY�W�a]ac\~}�W�p¡nd��ÂRf�_Le�bip`pr_�e
tZWZY"_RWZU1prf�_£bdhXWZ[dW�Y�\vt"|�bvp`_cY�prWZ\vt�ñ®ò~¤�¥�¦ð§óacbdU�¥�ÊEacbdU�¥�Æô«@¤�¥�Ê�¥�Æq¦"U`WZY£¥�Æ��¢ÂRf�_
tZbdY�[�e�\vU`f"_ce?tZWZY"_�WZU{p`f�_^|�bvpr_�Yôp`Wï\vt8e�Ã�_^prbLp`f�_^U`_�acbdY"e�hq��Uqn�Uqpr_�jgµ ñ Ä ¤�¥�¦V§õ ¤�acbdU©¤ Å ¥Ç«�¥®ö¦�Ê{acbvU©¤ Å ¥�Æz«à¥�z¦X¦r«]¤�¥8Êl¥�Ær¦ Ì UXWZYJ¤ Å ¥�Ær«�¥®z¦�� ÂRf�_�x�bvtZe�tZW�Y�_NW�Uprf�_Ra�bdj�x�W�Y�_ceu|�bvpr_�Yôp`Wï\vt�ñ®÷�¤
¥�¦1§<ñ�òG¤
¥�¦d«�ñ Ä ¤�¥�¦��8ÂRf�_³tZ_��¸pN|�tZbvpNWZU¢��bdh1x�Ã�Y�azftZ_cY"[vprf�_�Y�WZY"[�µ�prf�_�|�\vhr\ij�_�pr_chXUL\vhX_P¥�Æ�§øÀ�¿Í��Àv�v�åk£\ve�Wï\iYÇµ£¥®ù§ Êlú�¿��~���v±
kV\ve"Wï\vYÇµ Ì §û��¿É�d�v��üdú�µ Å §ËÀ��lÂRf�_^hXWZ[df�pl|"tZbvpVWZU£��bdh{x�Ã"Y�azf´acbdj]|�h`_�U`UXWZbdYÇµ
\vY�e�¥�Æ1§�À�¿É�dÀv�d�ukV\ie�Wï\vY�µ�¥®�§ýÊ Å ¥�ÆNÊåþ1µ Ì §��"µ Å §��"�

m¢WZ["�®±"���àf�\vUV|�tZbvp`UVbi�¢prf"_�|�bvpr_�Yôp`Wï\vt�UR��bdhVbvY�_�\vY"egp¡��bLhX�1UqnoUXpr_�j�U��lÿlY�_àa~\vY�U`_c_�prf�\�p
prf"_�x�bvpXprbdj bv�Jp`f�_�|�bipr_cY�p`Wï\vt�WZU � \ip`p`_cY�_�e�x�n�prf�_�UX_cacbvY�eEhX�J}dbdt�pz\v[v_v����_{pr_�UXpr_�e�p`f�WZU�WZe�_c\
x�nE|�\vhqprWZa�tZ_�UXWZj_Ã�tZ\iprW�bdYE\vY�e�W�p³��bdh��ôU£��_�tZt���m�bdh�prf"_�éV¶��óprf�_�x�Ã�Y�azfgtZ_�Y�[vprf�WZU³W�Y�achX_~\vUX_ce



ÐÇÑ	��
�Úôß�ã �� Ô ß�ã Ó
è�Ò���Ó¸â©ç ß��ÇÚ è Ö Ô�� ÛLÜ��� Ò�â Úoã Î��
x�nL\ix�b)Ã�pR��prW�j�_�U��³W�prf�p`f�_l|�\vh`\vj]_�pr_�h`U�tZWZUqpr_�eLWZY�p`f�_lac\v|"prW�bdYLbv� m8WZ[��o±"���d�1�V\vh`j]bdY�W�alk£m
UXnoUqpr_cj]Ulf�\~}v_�h`_�ac_�Yôp`t�n�x�_c_cY�WZY�Uqpz\vt�tZ_ceg\vY�egacbdj]j]WZU`UXWZbdY"_ce�bdY�UX_�}d_�hr\vt8tZW�[df�p³U`b)Ã�hXac_�Uu���dú���µ
x�Ã"p³�³W�prfw}i\vh`W�b)Ã�URtZW���_�p`WZj]_VW�j�|�hXbG}d_cj]_cY�p£h`_�|�bvhXpr_�eÇ�

éVbvp`_�W�����_ðazf�\vY�[d_�prf"_�|�f�\vU`_ðbv�"p`f�_ðU`_ca�bdY�e�}dbdt�pz\v[d_iµ�p`f�_ðx�bvpXprbdj�bv�"p`f�_�prbvpr\vt�|�bipr_cY�p`Wï\vt
WZU�[dbdWZY"[gprbPx�_wY�\vhXh`bG��_chcµ1�³f�W�azf�h`_cU�Ã�t�p`U�WZY@UXf�bdhqpr_ch^x�Ã�Y�azf�_�Uc�åÂRf"WZU^WZU�prf�_wW�e�_~\ùbi�Rprf�W�U
azf�\v|�pr_ch��

CED�� �����! "$#�I%�! S~Q'&)(5S�K�* � +��lQ',]I.- /$0 +1#2& K��3 
4¡Y bvh`e�_�hup`b�a�bdj]|�h`_�U`U�p`f�_Ex�Ã�Y�azf�µRbdY�_E�³WZU`f"_cUuprb?j�\65�W�j�W	7c_ ¼98;:=<?>A@8B> ¼ >DC ¼ �¬ÂRf�W�U�t�_~\ve"Uup`b¥®à§ Ê Å ¥�Æ�Ê þN�E�óW�prf�b)Ã�pàt�bdU`Uybv��[d_�Y�_ch`\vtZW�p¡nù��_]f�\~}d_�\vU`U�Ã�j]_ce�p`f�_u|�f�\vUX_�UXtZW�|´�²\ia�prbvhFHG �"µ�bdhVa�bdU�¥�Æ'I<�"�£ÂRf�_à|�bvp`_cY�prWZ\vt bv�Np¡��bwkVm¬UXnoUXp`_cj ��bdh{x�Ã"Y�azfPacbdj]|�hX_cU`UXWZbdY�WZUV\vtZUXb
|�t�bvp`p`_ceEWZY�m¢W�[���±"���d�

ÂRf�_�UqnoY�azf�h`biprh`bvYùj�biprWZbvY�bi�N|�\vhqprW�actZ_yW�Y�\uUXp`bdhr\v[v_àhXWZY�[u�³W�p`fge�b6Ã�x�tZ_àk£mÈUqn�Uqpr_�j ac\vY
x�_�e"_cU`a�h`W�x�_�egx�n

¥KJ�§ML FON ° N J"§ P ñ�¨À�þRQ ÄTS ¤²UXWZY£¥�Ê@U`W�Y£¥�Æ·« Ì UXWZYJ¤ Å ¥�Ê Å ¥�Æ¢ÊåþJ¦`¦�° ¤²±"�Áúv¦
�³f�_�h`_Eprf�_E|�hXWZj]_wWZY�e�W�a~\ip`_cU���hXUXp]e�_�h`W�}i\ip`W�}v_L�³W�prf�hX_cU`|�_ca�p�p`b?p`f�_Ebdh`x"W�pz\it�\vY�[vtZ_VU�µWLÈW�U
prf"_àf�\ih`j]bdY�WZa�YYX�j�x�_�hVbv�8prf�_�j�\vWZY�k£mÈUqn�Uqpr_�jgµZQåprf"_���h`\va�p`WZbdY�\itÇU`|�_c_�eùbv�¢p`f�_�U`|�_c_cegbv�
tZW�[df�p~µ P prf�_[X�Y"W�pyazf�\vhX[d_vµ8\vY�e S prf"_]_�Y�_chX[vn´bv�ðprf�_u|�\ihXprW�act�_v�]��j�\vtZt8bdU`a�WZt�tï\ip`WZbdY�\vh`b\X"Y�e
prf"_�UqnoY�azf�h`bvY�b\X�UV|�f�\vUX_�W�UR[dW�}v_cY�x�n] J J"§ L F P ñ�¨�a�bdU�¥�ÆÀ©þRQ Ä S ¤q�³Ê Å Ìa�bdU�¥�Æ ¦ ] ° ¤²±"�É±d¦
�³f�_�h`_ ] h`_c|"h`_cUX_cY�prUu_�W�prf"_ch N bdh�¥�Ê ¥�Æz�.��bvj�|�\ih`_ce�prb�p`f�_�bdY"_Lk£m¾UXnoUXp`_cj�µ1f�_chX_�prf"_
h`_�UXp`bdh`W�Y�[{��bdhXac_RWZU8j!X�t�prWZ|"tZWZ_�eàx�n�\{�²\va�p`bdh¢bv��^ Ä §ý��Ê õ _a`cb > C µd�³f�WZazf^a�b\X�t�e^x�_�j�X�azfu[dh`_c\ipr_�hprf�\vY¬�v���£_cY�a�_]p`f�_^��h`Uqp�_Dd�_�a�pàbv��UX_ca�bdY�e@k£m UXnoUXp`_cjÄWZUyWZY"ach`_c\vU`W�Y�[wprf�_^��boaAX�UXWZY�[E��bdhXac_v�
éVbipr_Vp`f�_lUXWZ[dYLbi�·prf�_lUX_ca�bdY�eLpr_�h`j a~\vYwx�_{azf�\vY�[d_�e�x�n�h`_�}d_chXU`W�Y�[�prf�_{WZY�W�prWï\it�|�f�\vUX_�bv�·prf"_
U`_�acbdY"eùk£m�UqnoUXpr_�jgµ�p`f�_chX_���bdhX_àbvY�_�a~\vYg\vt���\~noU³UXpz\ix�WZt�W97c_Vprf�_yj]bvprW�bdYw[dW�}v_cY Å Ì G �d�
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^× Ô èiç
f1¹gX�\iprW�bdY>¤²±"�Éúd¦�a~\vY�x�_�e�_chXW�}d_�eg��hXbdj p`f�_���bdtZt�b©�³W�Y�[^�V\vj�W�t�p`bdY�Wï\iYh § �À L FiN Ä « P ñ�¨À©þRQ ÄTS �ªacbdU�¥�ÊåacbdU�¥�Æ�«¾¤
¥�ÊÈ¥�Æq¦"U`W�Y£¥�Æ·« ÌÅ ¤²acbvU©¤ Å ¥�Ê Å ¥�Æ¢Ê>þ ¦·«ó�©¦¯�
°¤²±"�Éüd¦�³W�p`f2U]\iU³p`WZj]_{}i\vh`WZ\vx�t�_v�
¶·_�p`p`WZY�[�¥ J §¾�]\vY�e N J §¾��µ�bdY�_ybdx"pr\vWZY�U�p`f�_�_c¹YX�\ip`WZbdY�UR��bdh�p`f�_y�O5�_ce�|�bdW�Yôp`U³WZY�¤�¥J° N ¦

|�f�\iU`_�U`|�\va�_
N §��"°£\vY�e�U`W�Y{¥�ÊåU`WZYV¥�Æ8Ê Ì UXWZY Å ¤�¥�Ê@¥�ÆX¦ð§ �"¿ ¤²±"�É�d¦

éVbipr_�prf"_ch`_]\vhX_]À Å |�\vWZhXUlbv�{¤ NAjlk6m °ö¥ jlknm ¦{U`\iprW�UX�¸ngprf�_u\vx�bG}d_u_c¹YX�\�prWZbvY�Ul��bdhy¥po<� �"°öÀ�þ���µ
�³f�W�azfÈa�bdh`hX_cUX|�bdY"eÈp`b Å |�\vW�h`U�bi�{Uqpz\vx�t�_w\vY�epX�Y"UXpz\ix�tZ_L�O5�_�e¬|�bdWZY�p`Uc����_E\vh`_wbvY�t�n�WZY�ê
pr_�h`_�UXpr_�e¾W�Y prf�_´UXpr\vx�t�_ù�O5�_ce¾|�bdW�Yôp´�Í¥�Æ�°z���y\vY�e prf"_qX"Y�UXpr\vx�tZ_P�O5�_�e�|�bdWZY�p���¥�r�°r�i�l�³W�p`f
¥�rso���¥�Æ�Ê þ�t Å °ö¥�Æë����ÂRf�_Lk£m xOX�aT�v_�p�WZUyx�b\X�Y�e"_ceåx�n´prf"_]p`bdh�X�Uy|�\iU`U`W�Y�[gp`f�h`buX�[df´prf�W�UX�Y�Uqpz\vx"tZ_��O5�_ce�|�bvWZY�p~µ�bvh£[vW�}d_�YExôn

N Ä « P ñ®¨þRQ Ä S L Fwv acbdU�¥�ÊåacbdU�¥KrR«�¤�¥�ÊÈ¥�r©¦"U`WZY£¥�Æ¢Ê
ÌÅ
x acbdU©¤ Å ¥�Ê Å ¥�Æq¦¢Ê@acbvU©¤ Å ¥Kr{Ê Å ¥�Æ`¦cy{zl§¾�"° ¤²±"�É�d¦

ÂRf�_wxlX"aT�v_�p]�³WZe�prf�\vY�e�f�_�WZ[df�p^ac\vY@x�_wbdx"pz\iWZY�_�e>��h`bdj|f1¹�� ¤
±"�Í��¦àx�nåtZ_�pXprW�Y�[ N § �ùbvh
¥w§<¥�Æö��ÂRf�_yxlX"aT�v_�p{f�_cW�[df�p³WZU

}N § P ñ®¨þRQ Ä~S L F v acbvU�¥�rVÊ@acbdU�¥�Æ·«¾¤
¥�rVÊ�¥�ÆX¦"U`W�Y£¥�ÆÇ«
ÌÅ ¤q�³Ê@a�bdU Å ¤�¥Kr{ÊÈ¥�ÆX¦X¦�z Ã�� Ä ° ¤
±"���G��¦

ÂRf�_RxlX"aT�v_�p�W�U¢x�_�p¡��_c_�YL¥�ÆvÊ�þ�t Å \vY�e]¥�Æ©«]þ�t Å µv\vY�e�p`f�_�xlX�aT�i_�p��³WZe�prf�W�UN\v|�|"h`b�5�WZj�\ipr_�t�nÀ�þ�t Å µ��³f�W�azfPWZU{j�X�azfPU`f�bvhXpr_�hlacbvj�|�\ih`_ceùp`b�prf�\iplbv�1p`f�_�bdhXWZ[dW�Y�\vt·bdY"_^kVm¬UXnoUXp`_cj���ÂRf�_xlX�aT�i_�pRf"_cWZ[vfôpðe�_�|�_�Y�e�U�bdY�x�bvprf Ì \vY�e Å µ�xOX"pðWZY]j�bdUqpða~\vUX_cU�p`f�_£xlX�aT�v_�pRf�_�WZ[df�pðWZU�hr\iWZU`_�ex�nwprf�_�U`_�acbdY"eùk£mÈUqn�Uqpr_�jg��ÂRf�_àxOX�aT�v_�p{�³WZe�prfg\vY�e�f�_cW�[df�p{\iU£�aX�Y"a�prW�bdY�U³bv� Ì \vY�e Å \vhX_
|�t�bvp`p`_ce^WZY�m¢WZ[��i±"�ÉÀ���4¡Yuac\vU`_Rbv� Å Ì�� �dµdp`f�_��aX�Y�a�prW�bdY�U1bv��p¡��b�kVmùUqn�Uqpr_�j�Uð\vhX_�U`_�|�\vhr\�pr_ce��
bdY�_yj�\vWZY"t�n]U�X�|"|�tZW�_cU£\vaca�_ct�_chr\�prWZbvYÇµ�\vY�biprf�_�hRbud�_�h`UR��boaAX�UXWZY�[��
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Ü Ó�Õ ×Jæ©ÚPÐÇÑ	�Çî ¶J_��¸p�����X�aT�i_�p��³WZe"p`f´\vUy\��aX�Y�a�prWZbvYPbv� Ì \vY�e Å � Ì §s�d°zÀ�°z�"°r�"°öú�\vhX_^a~\vt�aAX�ê
tï\ip`_ceyxlX"pJprf"_�}i\vt	X�_1bv�o�³WZe"p`f�\vtZj]bdUXpÇb©}v_chXtï\v|y��bdh·e�W�d�_�h`_cY�p Ì �8k³WZ[vfôpA����X�aT�i_�pf�_cW�[df�p{��bdhVe�W	d�_chX_cY�p Ì \vY�e Å ��m�hXbdj e�bG�³YPprb1X�|�µ Ì § �d°öÀ�°z��°r��°öú�°r±"°öü�h`_öê
U`|�_ca�p`W�}v_ct�nv��ÂRf�_àt�WZY�_�UR\vhX_�|"tZbvpXpr_cewp`b][uX�WZe�_lp`f�_y_�nv_cUc�

Â8bu��Y�egb\X"p³prf"_�e"_�p~X"Y�WZY�[]|�\vh`\vj]_�pr_�h³\vY�e�prf�_�p~X"Y�_vµ®tZ_�p�� §<¥�ÊÈ¥�Æ�µKX�UXWZY�[�\^Â¢\~notZbvh
_D5�|�\iY�U`W�bdYgbi�8p`f�_��{\vj]WZt�prbdY�WZ\vYL\ih`b\X�Y"e�p`f�_yUXnoY�azf�hXbdY�b\X�U£|�f�\iU`_vµ®bdY"_�bvx"pz\vW�Y�Uh § �À L FiN Ä « P ñ�¨©¤ Å Ì Ê@acbdU�¥�Æ`¦À�þRQ ÄTS �À � Ä « P ñ®¨À�þ=Q Ä~S � ���± UXWZY£¥�ÆÇ« ���Ài� ¤�acbdU�¥�Æ Ê Å � Ì ¦�« ¿~¿~¿q��¿¤
±"���d�©¦

Â8h`\vY�Uq��bdh`j]WZY�[�p`b]p`f�_�\va�p`WZbdYE\iY�[dtZ_�|"f�\vU`_�U`|�\vac_iµK�`¿ P ¿�µ®tZ_�p`p`WZY�[���� � § Ã ÀuL F�� t{�àÆoacbdUK�N § Ê Ã Àu��Æ � t\L F UXWZY�� ° ¤
±"���©Àd¦
�³f�_�h`_��àÆ�§�� ���;  :T¡�< õ ;¢ _£`cb > C @Ä¥¤§¦©¨¥ª W�URprf�_�p~X"Y�_���bdh�prf�_yUqn�Y"azf�h`bdY"b\X�U{|�\vhXp`WZact�_vµ�bdY�_y[d_�p`U

h §«��Æ � Ê¬ À\L F ��Æ� UXWZY£¥�Æ
Å Ì Ê>acbvU�¥�Æ � � � Ä acbdU � �@Ê L F± Å � Ì Ê@a�bdU�¥�ÆÅ Ì Ê>a�bdU�¥�Æ � Ä a�bdU � �V° ¤
±"���G��¦
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^× Ô èiç
�³f�_�h`_yprf�_yf�W�[df�_chRbvh`e�_�h³p`_chXj�URbv� � Ä f�\~}d_�x�_c_cYgWZ[dY"bdh`_�eÇ��óW�p`fEp`f�_y[d_cY"_chr\�prWZY"[u�aX"Y�a�p`WZbdY

® Ä ¤a�V°�¯"¦ § ��¯l« ¬ À\L F�d± ¬ �àÆ U`WZY£¥�ÆacbvU�¥�Æ¢Ê Å Ì
¯ � � Ä UXWZY³�u�

« ¬ ÀuL F� ¬ ��Æ U`W�YV¥�Æa�bdU�¥�Æ8Ê Å Ì
¯ � � Ä U`W�Y°�V° ¤
±"���~�ô¦

prf"_à�V\vj]WZt�p`bdY�WZ\vYL\v[d\vWZYwW�U�prhr\iY�UX��bdhXj�_�ewprb�¤£¯®°T±�¦�|�f�\iU`_yU`|�\iac_à\vU
h §«��Æ²¯àÊ L F± Å � Ì Ê@a�bdU�¥�ÆÅ Ì Ê@a�bdU�¥�Æ

¯ Ä acbdU � ±´Ê L F� ¤ UXWZY£¥�Æ
Å Ì Ê@a�bdU�¥�Æ

¦ Ä ¯ Ä acbvU~³Z±�¿ ¤
±"���©úd¦
ÂRf�_chX_���bdhX_�p`f�_�\~}d_ch`\v[d_à�{\vj]WZt�prbdY"Wï\vY]WZU

´ h.µ1§«��ÆB¯�Ê �À�¶ ¯ Ä ° ¤
±"���G±�¦
�³W�p`fwprf�_ye�_�p~X�Y�W�Y�[]|�\vhr\ij�_�pr_ch

¶ § L F� � Å � Ì Ê>acbvU�¥�ÆÅ Ì Ê>acbvU�¥�Æ
« ú� ¤ U`W�Y£¥�Æ

Å Ì ÊåacbdU�¥�Æ
¦ Ä ��¿ ¤
±"���©üd¦

��bdY�UX_c¹YX�_�Yôp`t�nàprf�_ðp~X�Y�_ð��bdhJprf�_�Y�bdY�êëUXnoY�azf�hXbdY�b\X�U¢|�\vhXp`WZa�tZ_ðWZU��àÆ©Ê ¶ ¯��8ÂRf�_�x�_~\ij�U`\iprW�UX��_�U��bdt�p~7�j�\vY"Yàe�W�UXp`h`WZxOX"prW�bdY�����ÀG��µv\vY�eàa~\vY�x�_���_�tZto\v|�|�hXb�5"W�j�\�pr_ceàx�n�\�·y\uX�U`UXWï\vYàe�WZUqprhXWZxlX"p`WZbdY
�³f�_�Y ¶ ¯!¸ ��Æöµ®\vY�eEprf�_�\vUX|�_�a�p£hr\ip`WZb^bv� prf"_yp`bdh�X"U£W�U³\v|�|�hXb�5"W�j�\�pr_ct�n�L F tu��Æ��
CEDT¹ �(OPIPQ�* º�,E »PM¼�3&�&NS§,�I S~I ½¿¾§��Q³KNM¼,�I +LK�,]M¼��À[�Á/5S~I%ÀE&
4¡Y _�tZ_�a�prhXbdYÈUXprbvhr\v[d_EhXWZY�[dU�µ�p`f�_g_�¹YX�WZt�WZx�hXW9X�j j�bvj�_�Yôp�X�j UX|�h`_c\ve W�U]e"_�pr_�h`j]WZY�_�e¬x�n�prf"_
e�\vj]|�W�Y�[u\vY�e�¹YX�\vY�p~X�j _�5�acW�pr\iprW�bdYÇµ�Y�\vj]_ct�nì� �d�i�

ÂKÃ   § �À Ã Ä ¨;Å ª ÂlÆ ° ¤
±"���G��¦
ÂRf�_�h`_���bvh`_vµ�p`f�_y_c¹YX�WZt�WZx�hXW9X�j xlX"Y�azf�t�_cY�[vp`fEa~\vY�x�_yac\vtZa§X�tï\ip`_ceEx�n

Â >   § L F�àÆ ÂKÃ   ¿ ¤
±"���G��¦
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��bdj]|�\vhX_ce�prbRprf"_ðbvY�_�kVmwUqn�Uqpr_�jgµ�x�biprf�prf�_�xlX"Y�azfàt�_cY�[iprf�\vY�e�prf"_ð_�j�W�p`pr\vY�ac_N\vh`_1hX_celX�a�_ce
x�n^\l�²\va�prbdhNbi��^R����_cac\uX�U`_�^@§ � �£Ê õ _£`cb >DC µvp`f�_Rf�W�[df�_ch8��h`_c¹YX�_�Y�a�n]k£mùUXnoUqpr_cjû_§d�_ca�p`W�}v_ct�n
acbvj�|�hX_cUXU`_cU³prf"_�xOX�Y�azfÇ�

�{a�p~X�\vt�t�n�X"U`WZY"[�bdY"_�k£mÈUqnoUXpr_�j �³W�prf�f�WZ[vf�_ch³f�\vhXj�bvY�WZa�YYX�j�x�_ch�µ���_�a~\vY�\vtZUXb�bdx�pz\vW�Y
U`f"bdhXp`_chyxlX�Y�azf"_cUc�[4¡Y´prf�_�p¡��biê¡kVm êëUXnoUXp`_cj j]_�p`f�b�e�µÇprf�_^x�_~\vj5tZb�\ve"WZY�[Lf�\v|�|�_cY�UybdY�t�nùW�Y
prf"_RtZbG��_�h¢��h`_�¹YX�_cY�a�nuk£mùUXnoUXp`_cj��NÂRf�_R|�b©��_ch1W�Y�|lX"p¢��bdh¢prf"_Rf�WZ[df"_ch8��hX_c¹YX�_�Y�a�n]k£m�a~\~}oW�p`WZ_�U
WZUlp`bEj�\vW�Y�pz\vW�Yùprf�_ubdUXacWZt�tï\ip`WZbdY�µ�\vY"e�_�¹gX�\vtZU�prf"_]_�Y�_chX[vnPe�W�U`UXWZ|�tZ\iprW�bdYùWZYPp`f�_ua~\~}oW�p¡nPbdY"t�nd�
ÂRf�W�U£j]WZ[vfôp�U`WZj]|�t�W��¸nuprf�_yj]WZa�h`bG��\~}v_�|�bG��_�hVU;X�|�|�t�nwWZYE|�h`\va�p`WZa�_v��óf�_cYLp`f�_{f�\vh`j]bdY�W�a£YYX�j�x�_ Å bv�Çprf"_{U`_�acbdY"eEkVm?UXnoUXp`_cj(W�Uð}v_chqn�tZ\vh`[d_iµop`f�_V��boaAX"U`WZY"[
��bdhXac_�W�U{j�\vWZY�t�nL��h`bvj p`f�_�UX_cacbvY�e´kVm¬UXnoUXp`_cj���ÂRf�_���h`Uqpyk£m¬UXnoUqpr_cj5WZU{j�\vW�Y�t�n�X"U`_ceù��bvh
\va�ac_ct�_ch`\iprW�bdYÇ�¢ÂRf"WZU�W�j�|"tZWZ_�UNprf�_V|�\vhqprWZa�tZ_�U�j]WZ[df�pðx�_{\va�ac_�tZ_ch`\ipr_�eLx�n�p`f�_{|�_~\{�u}i\vt	X�_£bv�Çprf"_
k£m´}vbdt�pr\v[d_vµôY�\ij�_�t�ndµ�p`f�_{Uqn�Y"azf�h`bdY"b\X�U�|�f�\vU`_Va~\vY�x�_£U`_�p�prbyþ�tdÀo�1m�bdh1prf�_£acbdY�}v_cY�W�_cY�a�_lbv�
acbvj�|�\ih`WZUXbdYÇµvp`f�_RUXnoY�azf"h`bdY�buX�U�|�f�\vU`_³bv��é{¶��R�HÎ�k¬WZU¼X�UX_ce]WZY�prf"_���bdtZt�b©�³W�Y�[lac\vtZa§X�tï\ip`WZbdY"Uc�
CED²Ï ºÐ,]I.-PS�K1S§,�I ,[Ñ¾HJIPQ£Mw���!&NS~I%À ÒÓ,]O.&NQ�*%�3Ô Õ@SAÑ\�{KNS� �
ÂRf�_LÂ b\X�UXazf�_A��tZW���_�prW�j�_^W�Uà|"h`bd|�bdhXp`WZbdY�\vtNprb ÂlÖnÂK×TÂ > ¤£Ø[Ù m ¦²�w���d±©��µ8�³f�_chX_�Ø[Ù m W�U�p`f�_wk£mxlX�aT�i_�pàf�_cW�[df�p~�!4¡Y´b\X"h�a~\vUX_vµJbdY�t�n Â > \iY�eqØEÙ m \vh`_^azf�\iY�[d_ce��Ú4¡Y?bvh`e�_�hlprbEWZY�a�h`_c\vU`_^prf"_Â b\X�U`azf"_A�EtZW���_�prW�j�_iµop`f�_���bdtZt�bG�³WZY�[àacbdY�e"W�prW�bdYEj!X�Uqp³x�_yUr\�prWZUq��_ce

� Â > ¤£Ø[Ù m ¦²�X�	ÛÝÜ `RÞYß°b	à;b	á	âaãRb� Â > ¤�Ø[Ù m ¦ � �åäOæ â�Þgß°b�à�b�á9âaã G �v° ¤
±"�ÉÀv��¦
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Y�WZ\vYàj�X�UXp8Ur\ip`WZUq�¸n���bdt�p�7cj�\vY�Y�e�WZUqprhXWZxlX"p`WZbdYy|�hXbG}�W�e�_ce�prf�_�WZY�W�prWZ\vtve�W�UXp`h`WZxOX"prW�bdYyWZU�·�\{X�U`UXWï\vYÇ�
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ÂRf�_���bdt�p~7cj�\vY�Ywe"WZUXp`h`W�xlX"prW�bdYLW�UR[dW�}v_cY�xôn

687 ¤£hP¦1§ �À�þ9�`¨ P ¢;:<0= ¡ ° ¤
ü��É�d¦
�³f�_�h`_;> WZU�p`f�_wp~X�Y"_�bi�Vp`f�_��{\vj]WZt�prbdY�WZ\vYÇµ?�`¨�W�U�prf�_EWZY"W�prWZ\vt�_cj]W�pXpz\vY�a�_wbv�£prf�_E|�\vhqprW�actZ_
UXnoUqpr_cj��w4¡Ygac\vU`_�bv� prf�_yt�WZY�_c\vhR�{\ij�W�t�prbvY�Wï\vY�µôp`f�_���bdt�p~7cj�\vY�Ywe"WZUXp`h`W�xlX"prW�bdYwWZU���f1¹®�É�"�Í�"�c�

687 ¤ �A@ °~� @ ¦�§ �À�þ9�`¨YP ¢CBED�FHGJILKMD�FONQP-R ¨TS F¬ B ¨HU I ¨K = ¡ ¿ ¤
ü��Í��¦
ÂRf�_�|�\vhqprWZa�tZ_lUXWZj!X"tï\ip`WZbdYLhX_cU;X�t�p`UV\i[dh`_�_l}d_chqnw��_�tZtÇ�³W�prfwprf�W�URprf�_�bdh`_�prWZac\vtÇ|�hX_ce�W�a�p`WZbdYÇ�

ÂRf�_yY�bdY�t�WZY�_c\vh`W�p¡nuj!X�Uqp³x�_la�bdY�UXWZe�_�h`_ceEW�YE\�h`_~\it�j�\vazf�WZY"_v���óf�_�Y�\�e"_�p~X"Y�WZY�[�p`_chXj W�U
WZY"act9X"e�_ceÇµ�prf�_ytZW�Y�_~\ihR�{\vj]WZt�prbdY"Wï\vY�x�_�acbdj]_cUà¤�f1¹®�Í�"���~��¦h § N ¯l«V3 Ã ¯�a�bdU�À{�´« �À ¶ @W@ ¯ Ä ° ¤
ü��Áúv¦
�³f�_�h`_ ¶ @W@ W�U]p`f�_�e�_�p�X�Y�WZY"[>|�\vh`\vj�_�pr_�hc� ÂRf�_�prbdh;X�U�bi�{prf"WZU]Y�bdY�t�WZY�_c\vh]�{\vj]WZt�prbdY�WZ\vY>W�Uj!X�azfÈj]bdh`_La�bdj]|�tZW�a~\ip`_ceÇ�ð4ëpuf�\vUux�W��aX"h`a~\�prWZbvY@\vY�e�prhXWZ|�t�WZa~\�prWZbvY�|�bdWZY�pc�>ÂRf�_Ex�_c\vj ac\vY
x�_�U`|"tZW�p£W�Yôp`b�W�U`tï\iY�e�Uc�RÂRf"_�|�\vhqprWZa�tZ_yU`W�j!X�tZ\iprW�bdYwUXp`WZtZt \v[vh`_c_y�³W�p`fgp`f�_àp`f�_cbdhqn�_�}d_�Y´WZYEprf�W�U
acbvj�|�t�WZac\ipr_�ewa~\vUX_v�

�{t�tÇbv� prf�W�URe�WZUXaAX�UXU`WZbvYgW�URWZYLprf"_�hX_cUXbdY�\vY�a�_àhXbvpz\�prWZY"[���hr\vj]_v��4ë�¢bdx�UX_chX}v_ce���h`bdj prf�_ytï\ix
��hr\ij�_iµ®p`f�_yprbdh;X�UVbi�Nprf�_à�{\ij�W�t�prbvY�Wï\vY"U�h`bvpr\ipr_�UVW�Yg|"f�\vU`_àU`|�\iac_v�³ÂRf�W�UVj]_~\iY�U£p`f�_�UX_ca�bdY�e
j]bdj�_�Y�prU�bv��prf�_£UXnoUXp`_cj bdUXacWZt�tï\ip`_�WZY^p`f�_VtZ\vx^��hr\vj]_v��4¡Y�\iacac_�tZ_�hr\ip`bdh�|�f�n�UXWZa�UcµoW�p�j]_~\vY�U�prf"_
x�_~\vj �³WZe"p`fùbdUXacWZt�tï\ip`_cU³�³W�p`f�prW�j�_i�{ÂRf�W�U{bdUXacWZt�tï\ip`WZbdY�U`W�[dY�\vtJac\vYPx�_�e�_�p`_ca�p`_ce´x�nù\ ��_~\vj� bvU`W�p`WZbdY?��bdY�W�p`bdhc�àm�bdhlprf"_^tZWZY"_~\vh{�{\vj]WZt�prbdY�WZ\vY�W�Y f1¹��Éü��ÉÀ�µÇprf"_]_�j�W�p`pr\vY�ac_�bv��prf�_ux�_~\vj
a~\iYgx�_ye�_celX"ac_ce���h`bdj prf�_���bdt�tZbG�³WZY"[���bdh`j�X�tï\E¤£f�¹®�������©úd¦

N Ä §��A3 ÄÃ Q ÄÖ � Ä¨ �X Ä Ã «Y3 ÄÃ ¿ ¤
ü��É±d¦
m�bdhRprf�_�Y�bdY"tZWZY"_~\vh£�{\ij�W�t�prbvY�Wï\vY�WZYsf�¹®�Z¤�ü��Éúd¦öµ�bdY"_àac\vYùUXp`WZt�t=X�U`_�\�|�f"_cY�bdj]_cY"bdtZbd[vWZa~\it���bdhqê
j!X�tZ\E¤�f1¹®�Í�"���G±d¦

X Ã § ÀO3 Ã Q Ö �`¨
Ã ¤ N «Ì® ¶ ÖTÖ �`¨�¦ Ä Ê�3 ÄÃ ¿ ¤
ü��Áüv¦
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ÂRf�_�|�\vhqprWZa�tZ_lUXWZj!X"tï\ip`WZbdYw\i[�\vWZYwU;X�|�|�bdhXp`URprf�_�U`_�h`_cU;X�t�p`Uc�

ÂRf�_�biprf�_�hl\v|�|"tZWZac\iprW�bdY�URbv�¢prf�_�hX�1¹YX�\ie�h�X�|�bdt�_àW�Y�act	X�e�_�j�W�U`j�\iprazf�acbdj]|�_cY�U`\iprW�bdY�\iY�e
bG}d_�h`acbvj�W�Y�[uU`|�W�YghX_cU`bvY�\vY�a�_cUc� � \ihXprW�act�_�U`WZj�X�tï\ip`WZbdY]��\iU{\vt�U`bue�bdY"_yp`b^}d_chXW��¸nLp`f�_�prf�_�bdhXnv�4¡Y prf"_gt�bdY�[dW�p~X�e�W�Y�\vt�e"WZh`_�a�p`WZbdYÇµð}dbdt�pz\v[v_gj]b�eOX�tï\ip`WZbdY@ac\vY W�Y�elX�a�_�¹YX�\ve"h�X�|�bdtZ_�j]b�e�_
bdUXacWZt�tï\ip`WZbdY���4ë��prf�_Vj�boelX�tZ\iprW�bdY^��h`_c¹YX�_�Y�a�n�WZUðact�bdU`_³prb�p¡�³WZa�_{bv�Çp`f�_{UqnoY�azf�h`biprh`bvYLp~X�Y�_iµ"bdY"_
a~\iYgbdx�pz\vW�YE\]UXWZj]WZtï\ih��V\vj�W�t�p`bdY�Wï\iY�WZYwp`f�_yh`_cUXbdY�\vY"ac_�h`bvpr\iprW�Y�[���hr\ij�_]¤£f�¹®�Éú����©Àd¦

Zh §öØ[¯�Ê �À ¶ ¯ Ä «Y3 ¯ðacbdU�ÀA[�° ¤
ü��É�d¦
�³f�_�h`_!Øwµ ¶ \iY�e.�<\vhX_à|�\vhr\vj]_�p`_chXUVhX_ctï\�pr_ce�prb]prf�_�j�boelX�tZ\iprW�bdYE\vY�e�prf�_à|�\vhqprWZa§X�tï\ihRj�\�ê
azf�W�Y�_v�1�VtZt�prf�_V|�f�noU`WZa�U�WZU�prf"_{Ur\ij�_V\vU�p`f�\ip�WZY]prf�_£prhr\iY�UX}v_ch`UX_�e�WZhX_ca�prWZbvY�UXWZY�a�_Vprf"_l�{\ij�W�t�ê
prbvY�Wï\vYEW�URWZe�_�Yôp`WZac\vt���4¡Y�prf�_yt�bdY�[dW�p~X�e�W�Y�\vt�e�WZhX_ca�prWZbvYÇµ�¹YX�\ve�h;X�|�bdtZ_�j]b�e"_�bdU`a�WZtZtZ\iprW�bdYLj]_~\vY"U
xlX�Y"azfÈt�_cY�[iprf@bdUXacWZt�tï\ip`WZbdY��H4ë�³��_w_�5oprhr\ia�p�p`f�_wx�_c\vjÄ�³f�WZt�_�prf"_wxlX�Y�azf�bdUXacWZt�tï\ip`_cU�prbùprf"_
j]WZY�W�j!X�j�µ"prf�_�Yùprf�_àxlX�Y�azfPW�U{a�bdj�|"h`_cUXU`_�eÇ�yÿ X�h{UXWZj!X"tï\ip`WZbdYEU`f"b©�³UVprf�\ipVprf�_àxlX�Y�azf´ac\vY
x�_�a�bdj]|�h`_�U`U`_�e�x�nE\vx�b\X"pRp¡��b�p`WZj]_cU��

m¢WZY�\vtZt�ngp`f�_ue�b\X�x�t�_uhX��UqnoUXpr_�jÄj�_�prf�boe?��\vU�_D5�|�t�bdh`_�e�prb�acbvj�|�hX_cUXU�p`f�_uxlX�Y�azfÇ��ÂRf�_
�{\ij�W�t�prbvY�Wï\vY�j�_�prf�boeEWZU³\v[d\vWZYE\^[dbob�e�\v|"|�h`b�\iazf�p`b�\iY�\vt�ng7�_yp`f�WZUR|"h`bdx�t�_cj��
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\ � � �]� ^ �9_ \

� �`� ��� � B �`a b �c�d� �2ef�g�È= �h�c� ��� �

��_]��\vY�p�p`b�p`hr\vY�Uq��bdh`j�p`f�_�W�Y�e�_�|�_�Y�e�_cY�p�|�f�\vUX_�UX|�\vac_�acbobdh`e"WZY�\ip`_cUji ì °�k ì µJprb�\�Y"_�� U`_�p� ì °XÆ ì µ��³W�p`fE_c¹YX�\ip`WZbdY�U³bv� prh`\vY�Uq��bdh`j�\iprW�bdY=�� ì § � ì ¤Eio°�k·°l/X¦Æ ì §pÆ ì ¤Mi�°�kÇ°l/X¦ ¿ ¤²�à���G¦
4¡Y@prf�_wj]_~\iYôp`WZj]_vµNp`f�_chX_w_D5�WZUqprUuU`bdj]_��aX�Y"a�prW�bdY&%�¤��u°XÆR°l/X¦àU;X�azfÈp`f�\ip�p`f�_w_c¹YX�\�prWZbvY�U^bv�
j]bvprW�bdYwWZYLp`f�_yY�_�� UX_�pV\vhX_�W�Ywprf�_��{\ij�W�t�prbvY�Wï\vYu��bdhXj

m� ì §�n %n Æ ì ° mÆ ì §ËÊ2n %n � ì ¿ ¤²�à�ÁÀv¦
Â hr\vY�Uq��bdh`j�\ip`WZbdY�U���bdhð�³f�WZazf�f1¹ôUc�Z¤²�à�ÁÀv¦�\vh`_£}v\itZWZe�\vh`_VUr\vW�e�prb�x�_Va~\vY�bvY�WZac\vt��8ÂRf�_{�aX�Y�a�prW�bdY%ì|"tï\~noU�prf�_�h`bdt�_lbv� prf�_��V\vj�W�t�p`bdY�Wï\iY�WZYwp`f�_yY�_��¾acbobdh`e�W�Y�\ip`_�U`_�pc�
m�h`bdj(�{\vj]WZt�prbdY	#ÍU�|�h`W�Y�acW�|�tZ_u� �c�·��_��ôY�bG��prf�\ip

N�o&p ¨
p K
¤+q k ì mi ì Êøh>¤Eio°�k·°l/X¦X¦ º /1§ �"¿ ¤²�à�É�d¦

4ë� prf�_ � ì \vY�eÙÆ ì \vh`_lp`b]x�_lac\vY�bdY�W�a~\vt�acbobdh`e�W�Y�\ip`_cU�p`f�_�nwj�X�UXpRU`\iprW�UX�¸nL\uj]boe�W���_�ew�{\ij�W�t�êprbvYr#ÍU³|�hXWZY�a�WZ|�t�_lbv� prf�_���bdhXjs�
N?oYp ¨
p K
¤�q Æ ì m� ì Ê�%�¤£�]°�Æ³°H/X¦`¦ º /N§��"¿ ¤²�à�Í��¦
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ÂRf�_EU`W�j!X�t�pz\vY�_�b\X�U�}i\vt�WZe�W�p¡nåbi��f1¹ôUc�Z¤²�à�É�d¦]\vY"e¾¤������ô¦�h`_�¹YX�WZhX_Ep`f�_�n>e�W	d�_chu\ip�j�bdUqpux�n�\
prbipz\vt¢p`WZj]_�e�_�h`W�}i\ip`W�}v_^bv��\vYå\ih`x�W�prhr\ihXn��aX�Y�a�p`WZbdYq®u��ÂRf�_uWZY�p`_c[dh`\vtNx�_�p¡��_c_cY�prf�_�p¡��bg_�Y�e
|�bdWZY�prURbi�¢U;X�azfù\ue�W	d�_chX_cY�a�_�pr_chXjsWZU�p`f�_cY

o p ¨
p K

º ®º / º /1§«®�¤M/ Ä ¦¢Êp®�¤-/utX¦�¿ ¤²�à�Áúv¦
ÂRf�_�}i\vh`WZ\iprW�bdY�bi�8p`f�WZU�W�Y�pr_c[vhr\vtÇW�UR\uX"p`bdj�\iprW�a~\vt�t�n[7c_�h`b^��bdhR\iYôn��aX�Y�a�p`WZbdYV®ËU`WZY"ac_lprf"_y}i\vhXW�ê
\ip`WZbdYù}i\vY�W�U`f�_�U�\ip�prf�_u_�Y�e�|�bdW�Yôp`Uc��ÂRf"_�\vhXx�W�p`hr\vhqng�aX"Y�a�p`WZbdYq®(W�U�a~\vt�tZ_ceùp`f�_u[d_cY"_chr\�prWZY"[
�aX�Y�a�prW�bdY�bv�¢prf�_�prhr\iY�UX��bdhXj�\�prWZbvYÇ��® j!X�UXp{x�_�\]�aX�Y"a�prW�bdY�bi�1x�biprf�p`f�_�bdt�e�\iY�eùY�_���}i\vhXW�ê
\vx�t�_cUyWZY´bdhXe�_chyprb�azf�\vY"[d_]p`f�_^prh`\vY�UX��bvh`j�\iprW�bdYÇ�Ú4¡Y>\ie�e�W�p`WZbdYùp`b�p`f�_uprWZj]_�/�W�pyj�\~nPx�_]\
�aX�Y�a�prW�bdY´bv� X�|?p`bw�Av>}i\vh`WZ\vx�t�_cUcµ��³f�_chX_1v@W�U{prf�_uYYX�j�x�_ch�bi��e�_�[dh`_�_cU��]ÿ�Y"t�n´ÀLv@bv��p`f�_cUX_
\vhX_àW�Y�e�_c|�_cY"e�_cY�p~µ�x�_ca~\{X�U`_�p`f�_yp¡��bLUX_�p`U{bv�¢acbobdh`e�W�Y�\ip`_cUV\vh`_�acbdY"Y�_ca�pr_ce�xônEp`f�_�À�Ygprh`\vY�U¯ê
��bdhXj�\ip`WZbdYw_�¹YX�\iprW�bdY�UVbv�³¤������©¦��RÂRf�_à[d_cY"_chr\�prWZY"[]�aX�Y"a�prW�bdY�a~\vY�p`f�_chX_���bdhX_àx�_y�³h`W�pXpr_�Yù\vUV\
�aX�Y�a�prW�bdYEbv�¢W�Y�e�_�|�_�Y�e�_cY�p£}i\vh`WZ\vx�tZ_�U�WZYEbdY"_�bi�8p`f�_���b\X�h���bdhXj�U§�

®wt�¤Mi�°~�]°l/X¦ö°T® Ä ¤Eio°XÆR°l/X¦�°T® � ¤xk·°T�u°l/X¦�°T® � ¤ykÇ°XÆR°l/X¦ ¤²�à�É±d¦
ÂRf�_�acW�h`aAX"j�Uqpz\vY�a�_cUubv�Vprf�_E|�hXbdx�tZ_�j��³WZt�t�e�W�a�pr\ipr_w�³f�W�azfÈ��bdhXj WZU�p`b�x�_Eazf�bdUX_cYÇ�Ì4ë�{prf"_
��hXUXp���bdhXj ®�t{W�U�\LU�X"W�pz\ix�tZ_�azf"bdWZa�_�prf�_�YPprf�_^W�Yôp`_c[dh`\vY�e�U�bi��f1¹ôUc�Z¤²�à�É�d¦l\vY�e¬¤²�à�Í�ô¦£a~\vY´x�_
acbvY�Y�_ca�pr_�e�x�nwprf�_yhX_ctï\�prWZbvY=�

q k ì mi ì Êph § q Æ ì m� ì Êz%s« ºº / ®�t�¤Eio°T�u°l/X¦�¿ ¤²�à�Áüv¦
ÂRf�_yprbvpr\vt�p`WZj]_le�_chXW�}i\ip`W�}d_�bi�Nm@a~\iYgx�_y_D5�|�\vY�e"_ceù\iUA�

º ®wtº / §`n ®�tn � ì º � ìº / «{n ®wtn i ì º i ìº / «�n ®wtn / ° ¤²�à�É�d¦
prf"_ch`_���bdh`_�f1¹®�8¤²���Éüd¦�x�_ca�bdj�_�U

q ¤yk ì Ê n ®�tn i ì ¦ mi ì Êøh § q ¤ËÆ ì Ê n ®wtn � ì ¦ m� ì Êc% « n ®wtn / ¿ ¤²�à�É�d¦
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��W�Y�ac_Lp`f�_EbdtZeÈ\vY�e�Y�_��sa�b�bdhXe�WZY�\ipr_�Ucµ|i ì \vY�eÌ� ì \vh`_EacbvY�U`W�e�_chX_ceÈf�_chX_g\iU]W�Y�e�_�|�_�Y�e�_cY�pcµf1¹®�ï¤����Éüd¦8a~\iY�f�bdt�e�WZe"_cY�prW�a~\vt�t�n�bdY"t�n�W���p`f�_�a�b�_Dü]acWZ_�Y�prU1bv��p`f�_ mi ì \vY�e m� ì UX_c|�\ihr\ip`_ct�ny}i\vY�W�U`f=�

k ì §�n ®wtn i ì °XÆ ì §�Ê}n ®�tn � ì ° ¤²�à���G�d¦
��Y�\itZt�n�tZ_c\~}�W�Y�[l�

%5§ h « n ®wtn / ¿ ¤²�à���d�G¦
ÂRf�_�h`_���bvh`_�f�¹ôU��ï¤������G��¦Çn�W�_ct�e�UÇprf�_�prh`\vY�Uq��bdh`j�\iprW�bdY�\vY"e�f1¹®�ï¤������d�©¦·|�h`bG}oWZe"_cU·prf�_ðacbvY�Y�_ca�prW�bdY
x�_�p¡��_c_cYgprf�_yY�_�� �{\ij�W�t�prbvY�Wï\vY�~û\vY"e�p`f�_ybdtZeEbdY�_i��óf�_cYEprf"_�[d_cY�_�hr\ip`WZY�[umKX�Y"a�prW�bdYwWZU�bv�8p¡no|�_ ® Ä µ"p`f�_lprh`\vY�UXW�prW�bdY���hXbdj(¹®µ " prb^¹®µ � ac\vY
x�_à\iacacbvj�|�t�WZUXf�_cewx�n�\u¶·_c[d_�Y�e�h`_yprh`\vY�Uq��bdh`j�\iprW�bdYÇµoU`W�Y�ac_

n ®wtn � ì §ËÊ´Æ ì ° ¤²�à���©Àv¦
prf"_ch`_���bdh`_�® Ä ac\vYgx�_ye�_���Y�_cegWZYwpr_�h`j]URbv��®�tR\iacacbvh`e�W�Y�[^prbuprf�_yh`_�tï\ip`WZbdY® Ä ¤Eio°XÆR°l/X¦1§«®wt�¤Eio°T�]°H/X¦·«Vq ì Æ ì � ì ¿ ¤²�à���G�d¦
�iX�x"UXprW�p~X"p`WZY�[E®�t�x�\iaT�LWZY�prbEf1¹®�ï¤����Éüd¦�µ®bdY"_�ac\vYw��Y�eEprf�_yhX_ctï\�prWZbvY

k ì §�n ® Än i ì °T� ì §�n ® Än Æ ì ° ¤²�à���~��¦
\vY�e

%5§ h « n ® Än / ¿ ¤²�à���©úv¦
��W�j�W�tï\vhXt�nge�_���Y"_�® � § ®wt�Ê���i ì k ì \vY"eø® � § ®wtN«(� Æ ì � ì Ê��dk ì i ì µ8bdY�_Lac\vY>_c\vU`W�t�nbdx"pr\vWZY

i ì §�Ê n ® �n k ì °XÆ ì §ËÊ n ® �n � ì °�%5§«h « n ® �n / ° ¤²�à���G±d¦
\vY�e

i ì §ËÊ1n ® �n k ì °T� ì §�n ® �n Æ ì °�%5§ h «{n ® �n / ¿ ¤²�à���©üv¦



íYêZ� sùÑ�Ýàß Ô Ö Ô8Ó²è ß�Ù É æ�ß Ô8Ò Ç�Ö�æ�ãåß â©Ó Ö Ô Ò




�Ö�Ù â�� ãåß Ô Ô � Ó
Ò�â æ Ó Ø8× âGÓ Ö Ô ÇëÖ®æ â©ç Ú���Ö Ô Ù Ó
Ô Úôß�æ ò Úôæ â ×Jæ©Ø1Ú �V� ß�ã Ó Ù â Ö Ô8Ó ß Ô ígêZë

\ � � �]� ^ �9_ �

� ��a9����� �`� � � ���;���&�?� ���c� ��� e��g� �c� �
� �!� a���� ����� � �����c� �c� �{^ � �`� ��a9����� �?�d�

���A�f�u���j���A�¡ £¢£�¡��¤O�£�5¤J¥1¢¦ ¦�u�O��¢T¤O�1hc§ �A@©¨ � @�ª¬«MNÝ�A@|ö�A@ 3®t¯°�O±	²6� @| tÄ ¶ @W@{� Ä@�³ ¢Q´ µ¶�·µ��H¢¦�l��u�¡���¶�A ¦��7°¥1¤O���¹¸�¢¦±H�u�H¢£ºlX»�u¢£�O�¼¤O±
687 § �A@L¨ � @�ªw« �½ÌP ¢ BED F GJILK+D F NQP-R ¨TS F G K¨l¾ F�F D ¨F��¿ ¨ §£�5À�� ª

�u�¡�°�c¢£��Á��l¢¦��¯°¢¦Á� £� ³ µ¶�¹¯�¤O��±l�A QÂA���l���}���A�H¥�¤J £¢97°¤J�u¢¦�A�2¯°�A�¡±H��¤J�8�Ã¤O��¸��l�����u�¡�°�l¥1¤O |�°���0�lÄOÅ´M�l�O¥Æ�u�¡�Ç´M�O £ £�Èµ�¢¦��Ä��*µ¶�1�0ÉgX�¤J�u¢¦�A��±
�� �&Ê�ËÌ�Í �A@ Ê Ä¥¤Ì�Í � @Î687 § �O@O¨ � @°ªÏ« �� ´+Ð Ä µ ´ Æ Ä@ µ¢Ê ´+Ð Æ @ µ Ä « � Ì�Ñ §£�5ÀÒ² ª



íYê�Ï 
LÑ¼
�Ö�Ù âÈ� ã�ß Ô8Ô � Ó+Ó�â�ÔiÓ Ø8× â©Ó Ö Ô ÇëÖ Ô�â©ç Ú��gÖ Ô Ù Ó²Ô Úoß Ô ò Ú ÔGâ × Ô Ø1Ú �V� ß�ã Ó Ù â Ö Ô8Ó ß Ô
Õ9�0��#Ö±�×��l±W�®¯°¤O £¯§X� T¤L�u�5�l���Ç���A�l¥1¤O ¦¢97�¤L�u¢£�O��¢£�Ø�l�°ÄA�l¤O �À

¯ í ò�Ù õwÚ « o ËÌ Í �A@ o Ä¥¤Ì Í � @0687 § �A@L¨ � @�ª
« �½ o ËÌ Í �A@ o Ä¥¤Ì Í � @ P ¢ BED�FHG K¨ ¾ FÛFHD ¨F��¿ ¢ I©K+D�FONQP-R ¨TS F��¿
« ²©þ½ o ËÌ Í �A@ ¯ Ì § 3®t �A@S p ª P

¢ BED�FlG K¨l¾ FÛFHD ¨F� ¿
« ²©þ½ ¯ Ì §E3®t�nn N ª�o ËÌ Í �A@ P ¢ BED�FlG K¨u¾ FÛFHD ¨F� ¿
« þ½ ²�þ S p¶ @H@ ¯ Ì §-� nn�Ü ª P r ¨ P�Ý Ä	Þ § Ü ª §£�5Ààß ª

µ����0�l�®� « á K¬ Äcª ¿£â FÛF ¤O�¡¸ Ü « Ã¬ Äcª ¿£â FÛF À�¯ Ì §Mã ª ¢£±��u���'7°�0�l�O�l���A�H¸��°���¬�0±l±l�0 ä´aX¡��¯0�l¢£�A�rÀ�4*�1�u�¡�¯�¤J±l���J´ Ü � � ³ �u���·¯°�A¥åÁ� £�0¥1�0�Ø��¤O�WÅ¹�°�H�l�A�æ´aX���¯0�l¢£�A�ç¯�¤J��ºè�j�D5»Á�¤J��¸��°¸é¢¦��¤O�ê¤O±HÅ¥åÁ¡�u�J�u¢£¯�l�0Á��l�0±l�0�8�u¤J�u¢¦�A�
P�Ý Ä	Þ § Ü ª�« P ¢Yr ¨¬ þ Ü §¯��ë �² Ü Ä  ��ìÈß§�² Ü Ä ª Ä ë ��ìÈßíì�ú§�² Ü Ä ª �  ìÈìÈì ªî¨ §£�5Àðï ª

�u�å�Aº¡�u¤O¢£�
¯ í ò�Ù õwÚ « þ½ ² S p¶ @H@ ¯ Ì §M� nn�Ü ª �Ü §¯��ë �² Ü Ä  ��ì©ß§�² Ü Ä ª Ä ë ��ì©ßÇì�ú§�² Ü Ä ª �  ìÈìÈì ª

« þ½ ² S p¶ @H@ §q�  �² Ä � Ä n Än�Ü Ä  ìÈìÈì ª �Ü §q�fë
�² Ü Ä  �æì�ß§�² Ü Ä ª Ä ë ��ìÈßíì�ú§+² Ü Ä ª �  ìÈìÈì ª Ñ

é®�J�u�í�u��¤L�
Üòñ n ñnòÜ ñ Ü

¢ í « §Wë�� ª ñ §Ev Yó ë � ªÎô§Ev¹ë � ªîô Ü ¢ í ¨ §£�5ÀÁú ª




öõä÷ â�� ãåß�øùø �¼ú Ó�âÈÔ úEû ü â úEõäøpÇÛõ Ô�â©çCý �çõèøù÷Eú+ø ý ß Ô òþý8ÔGâ ü Ô û ýi�V� ß�ãzúE÷ â õäø ú�ß�ø ígêZ�

0 2 4 6 8 10
u

0

1

10

E
X

P
(u

2 ) e
rfc

(u
)

  

ÿ ú��èü Ô©ý 
��²í�î �»�A ¦¢£¸z ¦¢£���}¢¦±��u�¡�¼ÂJ¤O 	X��}�O´ P r ¨ P�Ý Ä	Þ § Ü ª ³ �u�¡�¹¯°¢£�H¯° ¦�°±Ã¢£±ö�l���}×��H±H� �*µ¬�é�l�°�l¥¤OÁ�Á��H��5¡¢¦¥�¤L�u¢£�O� ³ ¢�ÀÖ�OÀù¯�¤O ¦¯AX� £¤J�u�0¸·ºØÅ Ä § Ü ª�« t� ¤ r §¯�¡ë tÄ r ¨  t�� �< Ä r ¨ @ ¨ ª Ñ �f���°�H�0´M�A�H�X¼¥!X�±H�æºä�ÇÄA�l�°¤J�u�0� �u��¤O�ê²��u�[�O�0�°Áé¤J¯°¯AX¡�u¤O¯ÎÅAÀ��;�A�H�Ç�l�°�H¥1±fµ¶�A�r# �®�¡�° £Á	À
µ����0�l�jv ¨îó ¤O�H�j¢¦�Ø�u�°ÄO�°�l±æ¤O�¡¸;v ¨îó	�«�
 ³ �l���°�H�0´M�A�H�
½ þ � ¶ @W@² S p ì�¯ í� Ù�� Ú « �

Ü §q��ë
�² Ü Ä  ��ìÈß§+² Ü Ä ª Ä ë ��ìÈßíì��§�² Ü Ä ª �  ìÈìÈì ª

 �² Ä § �Ü ª Ä �Ü §�² ô ëzïÇì©ßÇì �² Ü Ä �� ì��íì ��ìÈß§+² Ü Ä ª Ä ë��íì��þì ��ì©ßíì��§�² Ü Ä ª �  ìÈìÈì ª
 �² Ä ì�ï Ä § �Ü ª � �Ü §Eï ô ë �¡ô² ô �² Ü Ä  � ôï ô ��ì©ß§�² Ü Ä ª Ä ë � 
¡ô�¡ô ì ��ì©ßíì��§�² Ü Ä ª �  ìÈìÈì ªÀÀÀ
« �� Ü Ä ëz� Ä ë �² Ü Ä �² ô n Än � Ä � Ä� Ü Ä ëz� Ä ��ì©ß§�² Ü Ä ª Ä �ï ô n �n � � �{�� Ü Ä ëz� Ä ë �fì©ßíì��§�² Ü Ä ª � ��¡ô n ³n � ³ � ³� Ü Ä ëz� Ä  ìÈìÈì §£�5À �Aª

µ����0�l��� Ü tL��� « � N tO3®t��îI<�5¢£± �H�°ÉYX�¢£�H�°¸¹¢¦�¹�\X�� ¸��0�l¢QÂO¤L�u¢£�O�}¤O��¸}�l���5´M�A ¦ £�Èµ�¢£�¡Ä�¢£¸¡�°�Ø�u¢Q�*Å���¤J±



�Yê��ó
��¼
öõä÷�� �! #" ø ø%$¼ú Ó � Ô úMû ü&�©úMõäøøÇÛõ Ô ��' ý �;õäøù÷+úEø ý("¡Ô òþý8Ô �©ü Ô û ý*)V�+", úE÷-�Èõäø ú " ø
ºä�°�°�2X�±H�°¸

�¬ �  / Ä « Ëq í�. Ì Æ í § 
Øª / í ¨ §£�5À/� ª
µ�¢¦�l�ÙÆ í ¤O± �l���Ç�8�l�êÕ9�0ÄA�°��¸¡�l�Ç´aX���¯0�l¢£�A�	À

Îþ�0×��¡� 0
§ Ü ¨ � ª�« ¯ Ì §M� nnòÜ ª ¬ 1 P r ¨ P�Ý Ä	Þ § Ü ª« ¯ Ì §M�çnnòÜ ª § �Ü ë �² Ü �  P r ¨ o Ër Í ã ß P ¢ Ö ¨²Lã � ª

« �� Ü Ä ëz� Ä ë �ï ² Ü Ä  � Ä§ Ü Ä ëz� Ä ª � � Ä  ¯ Ì §-� nn�Ü ª P r ¨ o Ër Í ã ß P ¢ Ö ¨²Lã � ¨ §£�5À2� ª
�u���0�l�Î´M�A�l�

¯ í3 Ù�� Ú « ² 1½ S p² ¶ @W@
0
§ Ü ¨ � ª�« � Ñ §£�5À24 ª

���A� �u�¡�j±H�°¯0�A��¸ê�0ÉYX�¤J�u¢¦�A�¼¢£��ß¡ÀÒ² � ³ ���O�l¢£¯0�Ç�l��¤J�´ �O@ µ « o ËÌ Í �A@9o Ä¥¤Ì Í � @6�A@Î687 § �A@J¨ � @°ª
« ë S p nn N o ËÌ Í �A@9o Ä¥¤Ì Í � @0687 § �A@L¨ � @�ª
« ë ² 1½ S p² ¶ @W@ nn�Ü

0
§ Ü ¨ � ª §��®À�� 
Aª

¤O��¸
´ �A@ ¯0�A±ä²{� @ µ « o ËÌ Í �A@Co Ä¥¤Ì Í � @6�O@ ¯°�O±ä²{� @0687 § �A@L¨ � @Èª

« ë S p nn 3®t o ËÌ Í �A@9o Ä¥¤Ì Í � @Î687 § �A@L¨ � @Èª
« ë ² 1½ S p² ¶ @H@ nn �

0
§ Ü ¨ � ª Ñ §��®À��d� ª



5 õä÷�� �! 6" øùø7$¼ú Ó � Ô úEû ü&�ÈúEõäøpÇÛõ Ô ��' ý �çõèøù÷Eú+ø ý!"�Ô òþý8Ô �©ü Ô û ý*)V�+", úE÷-�Èõäø ú " ø �gê��
8®�J�u� ´ �A@ ¯°�O±ä²{� @ µ « ´�Ð Ä µë ´ Æ Ä µ?¢£±����0ÄØ¤J�l¢¦ÂA� µ��¡�°� ¶ @W@ G9
 À����l�A¥{¤Oºä�ÈÂA�f�*µ¬�Ç�0ÉgX�¤J�u¢¦�A��± ³�A���j¤O�H�l¢QÂA�°±æ¤J�

´�Ð Ä µ « ´ �A@ µ  ´ �A@ ¯°�O±	²6� @ µ
« ë ² 1½ S p² ¶ @W@ § nn�Ü  nn � ª

0
§ Ü ¨ � ªÎ¨ §��®À��©² ª

¤O��¸
´ Æ Ä@ µ « ´ �A@ µ�ë ´ �A@ ¯°�O±ä²{� @ µ

« ë ² 1½ S p² ¶ @H@ §fnnòÜ ë nn � ª
0
§ Ü ¨ � ªÎ¨ §��®À��Èß ª�f���0�l�0´M�O�l�

´�Ð Ä µ ´ Æ Ä@ µ « § ² 1½ S p² ¶ @W@ ª Ä §
0
Är § Ü ¨ � ª ë

0
ÄÆ § Ü ¨ � ªlªî¨ §��®À���ï ª

¤O��¸ ´�Ð Æ @ µ ¢£±°7°�0�l�å¸lX��Ç�u�Ã�u�¡�j±WÅ¥1¥å�0�l�HÅ ³ �¡�°��¯0�
§ ² 1½ S p² ¶ @W@ ª Ä §

0
Är § Ü ¨ � ª ë

0
ÄÆ § Ü ¨ � ªlª�« � ÄÌ Ñ §��®À���� ª

�iX�º¡±H�u¢Q�~X¡�l¢£��Äå½!´M�l�O¥ f�ÉòÀ?§£�5À:4 ª ³ �O���ÇÄA�0�l±0
Är § Ü ¨ � ª ë

0
ÄÆ § Ü ¨ � ª�« ï ¶ Ä@W@ � ÄÌN Ä Ü Ä

0
Ä § Ü ¨ � ª §��®À�� �Aª�f���0�l�0´M�O�l�Ç�A���Ç¯�¤J�ç±H�A ¦ÂO�þ´M�A� Ü ´M�l�A¥ fwÉòÀù§£�5À�� �Øª ¤O��¸¹�u�¡�°�ç¯�¤O ¦¯AX� £¤J�u�í½�´M�H�A¥ f�ÉòÀQÀù§��5À:4 ª À~í�°�0Á�¢£��Ä

0
§ Ü ¨ � ª �u� �u���í×��H±H�æ�A�H¸��°���O´ tr ³ �A���Ç�Aº¡�u¤O¢£��± S p « � N Ä ë�3 Ät � Ì ¤O��¸ç½ « ² 1 � Ì ³µ���¢¦¯��ê¤OÄO�l�°�íµ�¢Q�u�2f�ÉäÀù§Eß¡Àðß"� ª Àw~í�0�°Á�¢¦��Äå�l�Ã�u���í�u�¡¢£�l¸¹�l�°�l¥�ÄA¢¦ÂO�°±0
§ Ü ¨ � ª<; �� Ü Ä ë�� Ä ë �ï ² Ü Ä  � Ä§ Ü Ä ë�� Ä ª � � Ä  ßßØ² � Ü �  ²Lï Ü Ä � Ä  ßL�u�§ Ü Ä ëz� Ä ª>= � Ä ¨ §��®À���� ª0
r»§ Ü ¨ � ª<; ë Ü§ Ü Ä ëz� Ä ª � � Ä x ��ë �Ä Ü Ä  =� � Ä§ Ü Ä ëz� Ä ª Ä  ���ßØ² � Ü �  ï 
 Ü Ä � Ä  ���L�u�§ Ü Ä ëz� Ä ª � y ¨ §��®À��?� ª0
Æ § Ü ¨ � ª<; �§ Ü Ä ëz� Ä ª � � Ä x �æë � Ü Ä  �Ä � Ä²�§ Ü Ä ëz� Ä ª Ä  ï!�ßØ² � Ü �  �©² Ü Ä � Ä  �{�§ Ü Ä ëz� Ä ª � y Ñ §��®À��?4 ª



�Yê�@ 5 � 5 õä÷�� �! #" ø ø%$¼ú Ó � Ô úMû ü&�©úMõäøøÇÛõ Ô ��' ý �;õäøù÷+úEø ý("¡Ô òþý8Ô �©ü Ô û ý*)V�+", úE÷-�Èõäø ú " ø

5e−06 1e−05 1.5e−05 2e−05
δ2

0

5e+09

1e+10

1.5e+10

2e+10

b1
−2

ÿ ú��èü Ô©ýA5 �CBED �f���¹¯°�O¥1Á�¤J�l¢£±H�A�c�O´��u�¡�¹�l�°±;X� ¦�l±Ã�O´ X tÎÀ6�f���¼Á�¤O�l¤O¥å�0�u�0�l±!X¡±l�°¸Y¤O�H�¼3®t «
� Ñ P ë�ß ¨ ¶ @W@}« � 
 §�F ªî¨ � 
G
 §IH ªÎ¨ ² 
G
 §KJ ª ÀL�f���}±l�O £¢£¸� £¢¦���°±�¤O�l�å�u���1�l�0±�X� Q�´M�l�A¥d�0ÉYX�¤J�u¢¦�A� §��®ÀÒ² 
Aª ¤O�¡¸��u���·±HÅ¥öºä�A £±5¤O�l��´M�H�A¥d�u���·±l¢¦¥!X� T¤L�u¢£�O�rÀ�8®�O�l��u���í�l��¢£�H¸¹±l�A ¦¢£¸¼ £¢¦���þ¢£±f±;X�Á�Áä�A±l�0¸;�l� ×¡�æ�l���Ç±lÉYX�¤O�H�°±0À

���A���l���¼¤Oºä�©ÂO�}´aX���¯Î�u¢£�O��±��u�éºä�¹¯°�O�8ÂO�°�HÄA�°�Ø� ³ �u���¹�¡�°¯°�0±l±l¤O�HÅ�¯0�A��¸�¢Q�u¢£�O��±ö¤O�H� Ü G ²�¤J��¸
Ü Ä §q��ëNM Ä ª�G �OÀ

Îþ�0×��¡�Ç�l���ÇÉYX�¤O¸��;X�Áè�O £�Ç¥1�¸��þ�l�u¤O��±W´M�°�f´aX���¯Î�u¢¦�A� X t ¤O±f´M�A ¦ £�Èµ�¢£��Ä
X t « � ²6Q @ ´ �A@ ¯0�A±è²{� @ µ��; Q @§N¶ @H@ Ü Ä M��ëOM Ä ��ë

tÄ r ¨ ³ þQP ¨SR ¨< tc¢ R ¨ @ ¨  � �� Ä trUT,V þ t Ä R ¨ þ R T< tc¢ R ¨ @ T��ë t� r ¨ Ä þ R ¨< tc¢ R ¨ @ ¨  �� Ä tr TWV þ Ä � R ¨ þ � R T< tc¢ R ¨ @ T Ñ §��®ÀÒ² 
Aª�f���0�l�0´M�O�l�æ¢£� Á��l¢¦��¯°¢¦Á� £�¬�A����¯�¤O�å¯�¤J £¯AX¡ T¤J�l� X t?�A��¯0� NÈ¨ 3®t�¤J��¸ ¶ @W@ ¤O�l��ÄA¢QÂA�0�rÀX8®�J�u�
0
§ Ü ¨ � ª¢£±ö¤�¯°�A¥åÁ� £¢¦¯�¤J�l�°¸�´aX¡��¯0�l¢£�A� ³ �l���}ÂJ¤O 9X¡�}�A±l¯0¢£ ¦ T¤J�l�°±·�l�°�H¥ ºØÅz�u�0�l¥çÀZY5± ¤é�l�0±�X� Q� ³ �u�¡¢£± ¤OÁ*[Á��H�©5»¢¦¥�¤J�l¢£�A�ç¢£±5ÄA�»�¸ê�O�� ¦Å¼µ����0� ¶ ¢£±®±l¥1¤O £ +À5���A�5¤}¯°�°�W��¤O¢¦�é3®tæ�A���jµ¬�uX� £¸éÁ��H�0´M�0�þ T¤O�HÄA�°�



5 õä÷�� �! 6" øùø7$¼ú Ó � Ô úEû ü&�ÈúEõäøpÇÛõ Ô ��' ý �çõèøù÷Eú+ø ý!"�Ô òþý8Ô �©ü Ô û ý*)V�+", úE÷-�Èõäø ú " ø �gêZÍ
N �l�åÄO�0�'f�ÉòÀù§��5Àà² 
Øª ¯0 £�A±H�°�f�u�ö�l���Ç�l�°¤O r�l�0±�X� Q� ³ �¡�©µ¶�0ÂO�°� ³ �l���íÁè�0�H��X��lº�¤L�u¢£�O�ç�Dd	�0¯0�æ¢£±¬±l¥1¤O £ µ���¢¦ £� N ¢£±w�l�0 T¤J�l¢¦ÂO�° ¦Å� T¤O�HÄA�OÀ?�?¢£Ä¡ÀÝ�5Àà²j±l�¡�©µ�±|�u���æ¯°�O¥1Á�¤J�l¢£±H�A� ºè�Î�*µ¬�0�°���l���æ±l¢£¥�X� T¤J�l¢£�A� ¤J��¸�u�¡�Ã¯�¤O ¦¯AX� £¤J�u¢¦�A�rÀj���A� ¶ I � 
\
 �u���Ã¯°¤O £¯§X� T¤J�l¢£�A�ê�l�°±;X� ¦�í¤OÄA�l�0�°±íµ¶�° £  µ�¢¦�u���l��� ±l¢¦¥!X� T¤L�u¢£�O� ³���Èµ¶�0ÂA�0� ³ µ����°� ¶ ¢£±ö £¤O�lÄA� ³ �u�¡�}�l�0±�X� Q�ö¢£±����O�öÄO�»�¸rÀé�KX��W�u���0�ö¸�¢£±H¯AX�±H±l¢¦�A�c¯�¤O�cºä��´M�\X¡��¸¢£�A]¬��¤OÁ¡�l�°�5�ò�uX��5¤Jºè�\X»�®�l����ÉYX�¤O¸¡��X�Áä�A £�j�u�l¤O��±H´M�0�®´aX��¡¯0�u¢¦�A�rÀ^�f���0�l�ö¤1Á����°�¡�A¥1�0���A ¦�AÄA¢£¯°¤O ´M�A�H¥!X� T¤ö¢¦±°X�±l�0¸;�l�å±H�A ¦ÂO�í�u��¢¦±f¥�¤J�l���°¥1¤J�l¢£¯�¤J èÁ��H�Aº� ¦�°¥çÀ



�_�Yê 5 � 5 õä÷�� �! #" ø ø%$¼ú Ó � Ô úMû ü&�©úMõäøøÇÛõ Ô ��' ý �;õäøù÷+úEø ý("¡Ô òþý8Ô �©ü Ô û ý*)V�+", úE÷-�Èõäø ú " ø



` úa�äø " ÷ Ó Ç Ô õ  5öý!", ò õ Ó ú��ÈúEõäø�b�õäøùú���õ Ô ���_�

\ � � �]� ^ �9_ �

c �ed�� �`a�� e��z�!� � ���d� � �����9�c� ���
��� �9���g�

r

a

λ0 −λ0

b

θ

ÿ ú��èü Ô©ýgf �a�,D ]¬��¤O�lÄO�j¸¡�°��±H¢¦�*Å¼�A�¹�u�¡�j±ih��H´E¤J¯°�j�O´�¤Ã¯ÎÅ» ¦¢£��¸¡�°�°À
Y5±�¢£±f±ijO�Î�u¯����0¸�¢£�¼�?¢¦Ä�À,]5À�� ³ ¯0�A��±l¢¦¸��°��¤Ã ¦¢£���þ¯���¤O�lÄA�Ç¢¦��±l¢¦¸��í¤O�¼¢£�»×���¢¦�l�° QÅ� ¦�A��ÄÃ¯°¢¦�l¯kh� T¤O�¯°�O��¸Wh�¯Î�u¢£�¡ÄÃ¯0Å £¢¦��¸��°�¶µ�¢¦�u�¹�l¤O¸�¢Ch�± �°ÀXlÛ´C�l���þ £¢¦���5¯���¤O�lÄA�í¸¡�°��±H¢¦�*Å}¢¦±^m Ì ³ ¤O��¸¹¢Q� ¢¦± �\n�¯0�°�Ø�u�0�ºØÅ2¸�¢£±W��¤O�¡¯°�1¤ ³ �u���0���u�¡�å¢¦¥�¤JÄA�Ã¯���¤O�HÄA�¼ëom Ì ¢¦±j ¦�»¯°¤J�u�0¸�¤J�j¸�¢£±W��¤O��¯0� X « Ý ÄUp\q ´M�H�A¥��u�¡�



�_�(B f � ` ú��äø " ÷ ÓsrÛÔ õ  5öý!", t õ Ó ú-�©úMõäø%b õäø ú-�Èõ Ô
¯°�0�Ø�u�°�0Àu�f�¡�j�0 £�0¯0�u�H¢£¯íÁä�O�u�0�Ø�u¢T¤J 	´M�A� �u�¡�Ç�*µ¶�� ¦¢£���5¯���¤O�lÄO�°±æ¢£±fÄA¢QÂA�°�¼ºØÅví§3wÝ ªw« m Ì² 1yx Ì  £�z��wÝ ë�wq �©ë m Ì² 1&x Ì  ¦�z��wÝ ë wX � ¨ §K]5À�� ª
µ����0�l� x Ì ¢£±æ�u���ÃÁä�°�H¥1¢Q�l�l¢¦Â¢¦�*Å¹�J´|ÂJ¤O¯khWh�¥çÀ{�f���Ã¯���¤O�HÄA�ö¸��0��±l¢Q�*Å��A���l���ö¢¦��±l¢¦¸��ö±|h¡�H´E¤O¯0�ö�O´�u�¡�j¯ÎÅ £¢£�¡¸��°�f¯°¤O�;ºä�Ç¯�¤O ¦¯3h� £¤J�u�0¸¼º8Å} § Ý ¨�~Oª « x Ì�� Ù « ë x Ì�� ví§3wÝ ª« ë m Ì² 1 Ý Ý Ä ë qÂÄÝ Ä  q Ä ë&² Ý q ¯°�O± ~ §K]5ÀÒ² ª8®�J�u�

Ý Ä ë q ÄÝ Ä  q Ä ë&² Ý q ¯0�A± ~ «��{� § � �� Ù �3�����ë � Ù � ��� ªw« �  ² Ëq � . t § q Ý ª
� ¯°�A±�v ~»¨ §K]5Ààß ª

�u�¡�°�l�Î´M�A�l� } § Ý ¨S~Aª�« ë m Ì² 1 Ý�� �  ² Ëq � . t § q Ý ª
� ¯°�A±�v ~�� Ñ §K]5Àðï ªl*� �l�°¤O £¢Q�*Å��u�¡�fºè�°¤O¥ ¢£±?���O�|¤í £¢¦��� ¯���¤O�HÄA� ³ ¤O�¡¸å¢Q�u±��l�u¤O��±WÂA�0�l±l�æ¸�¢¦¥1�0��±l¢¦�A�Ã¢£±�¯0�A¥åÁ�¤O�u¤Jº� £�¬�l��u�¡���u¤O¸�¢Ch�±9�O´8�u�¡��ºè�°¤O¥ Á�¢¦Áè� ³ �u���0�l�0´M�O�l���A������¤O±r�u��¢£�Ø�l�°ÄA�l¤J�u���ÈÂO�°�9�u����¯kh��l�H�°�Ø�ù¸�¢£±W�u�H¢£ºWh¡�l¢£�A��O´|�u��� ºä��¤O¥g�u�¼ÄA�Î�í�u��� ¯���¤O�HÄA� ¸��°�¡±l¢¦�*Å��A���l�����¬�°¤O¥<� �O±l¢¦�l¢£�A�?�ç�A��¢¦�l�A�°À^�*h�Á�Áä�A±l� �u�¡�ºä��¤O¥ ��¤O±í¤}¯kh��l�H�°�Ø�j¸�¢£±W�u�l¢¦ºWh¡�l¢£�A�+� 6 § q ¨�~ � ª ³ µ����°�H�s�;¢¦±5�u�¡�ö�u�O�u¤O ?¯kh��l�H�°�Ø�Ç�O´w�u���Ãºä��¤J¥ ³6 § q ¨�~ � ª ¢¦±f�u���·���A�l¥1¤O ¦¢��°�0¸;ºä��¤J¥d¸�¢£±W�u�l¢¦ºWh¡�l¢£�A� ³ �l���°�;�u���j�u�O�u¤O C¢£¥1¤OÄA�Ç¯���¤O�HÄA��¸��0��±l¢Q�*Åç�A��u�¡�j¢¦��±l¢¦¸��í±|h¡�H´E¤O¯0�j¢¦±fÄA¢¦ÂO�°�çºØÅ

},� § Ý ¨�~Aªw« ë �² 1 Ý o Í q o Í ~ � 6 § q ¨�~ � ª � �  ² Ëq � . t § q Ý ª
� ¯°�O±�v�§ ~ ë ~ � ª�� §K]5À/� ª�®±ih�¤O £ QÅ��l�����¬��¤J¥�� �O±l¢¦�l¢£�A�È�ç�A��¢¦�l�A�ö¯0�A��±l¢¦±H�l±Ã�O´®�*µ¶�2�A�ö´M�Gh����l�Gh��¡¸Y¥å�0�u¤O ¬±W�u�l¢¦Á�± ³¤O��¸ �u�¡�0Å1¤O�l��¢¦��±H�u¤O £ ¦�°¸Ã±HÅ¥å¥1�Î�u�H¢£¯�¤J £ ¦Å�¤O�H�Gh���¸ �u���æºä��¤O¥hÁ�¢¦Áè�f¯0�°�Ø�u�0�°À��*h�Á¡Áè�A±H�æ�l���æ�AÁè�0�¤O��ÄO £���O´9�A�¡�5±H�l�l¢¦Á�¢£±w´M�l�O¥ ~ Ì �u� ~ Ì g��~ ³ �u�¡�°���l���®�l�O��¤O ò¯���¤J�lÄA�®�A�1�l��¢£±|±H�l�l¢£Á1¢£±|ÄA¢¦ÂO�°�1º8Å

i¡§ ~ Ì ª « o �K���W�E��I� Í ~ },� § Ý ¨�~Oª
« ë �² 1 Ý o Í q o Í ~ � 6 § q ¨�~ � ª � ��~æ Ëq � . t ïv § q Ý ª

� ¯°�A±�v�§ ~ Ì ë ~ � %��~ p ² ª ±l¢¦�fv ��~ p ² � Ñ



` úa�äø " ÷ ÓsrÛÔ õ  5öý!", t õ Ó ú��ÈúEõäø�b�õäøùú���õ Ô ���(�
Y5¸�¸¡¢£��Ä�h�Á;¤O £ è´M�Gh��f±l¢¦ÄA��¤O ¦±¬´M�l�O¥d¤ö´M�Gh��>[Û±H�l�l¢£Á �¡��� ³ �O���ÇÄA�0�l±

i¡§ ~ Ì ª9 i¡§ ~ Ì  1 p ² ª9 i¡§ ~ Ì  1 ª9 i�§ ~ Ì  ß 1 p ² ª�« ë ²¢�1 Ý � ��~ o Í q o Í ~ � 6 § q ¨�~ � ª Ëq � . t �v § q Ý ª�£
� ¯0�A±�ïAv�§ ~ Ì ë ~ � %��~ p ² ª ±l¢¦�æ²Jv ��~�� Ñ §K]5À �Aª�®±ih�¤O ¦ ¦Å q(p Ý ¢£±5±H¥�¤J £  ³ �l���°�H�0´M�A�H���u�¡�·×��H±H�þ�l�°�l¥g¢£±��u�¡�ö¸��A¥å¢£��¤J�8���l�°�l¥ ¤O��¸ê¢¦�®¢£±5Á¡�l�AÁä�A�>[�u¢¦�A��¤O ä�u� �u���Ç¯kh��l�H�°�Ø�æ�O´ �l���Çºè�°¤O¥çÀ

�*h�º�±W�u�l¤O¯0�l¢£��Ä �*µ¬�å�AÁ�Áä�A±H¢¦�u�í±W�u�H¢£Á¼±l¢¦ÄA��¤O ¦±fÄA¢¦ÂO�°±
i¡§ ~ Ì ª ëzi¡§ ~ Ì  1 ª|« ë �² 1 Ý o Í q o Í ~ � 6 § q ¨�~ � ª¤ Ëq � . t �²Lv¹ë � § q Ý ª Ä

�¢¥ t ¯°�A±È§�²Jv¹ë � ª § ~ Ì ë ~ � ���~ p ² ª ±H¢£�C§+²Jv¹ë � ª>��~ p ² ¨ §K]5À/� ª
~í�°�0Á�¢£��Ä �A�¡ ¦Å��l���Ç¸��A¥å¢£��¤J�8�f�l�°�H¥ ³ �O���Ç�Aº¡��¤J¢£��±

i¡§ ~ Ì ª ëzi¡§ ~ Ì  1 ª; ë ïG�1 Ý Ä ±H¢£� ��~ p ² o Í q o Í ~ � 6 § q ¨�~ � ª q ¯0�A±È§ ~ Ì ë ~ � %��~ p ² ª
« ë ïG�1 Ý Ä ±H¢£� ��~ p ²§¦�¨Mãª©�¯0�A±È§ ~ Ì ���~ p ² ª9 ¨I«¬©�±l¢¦�C§ ~ Ì %��~ p ² ª�
« ®¯±° ë £�²³ Ù�´ ±H¢£� �E�Ä ¨Eãª© ¢¦´ ~ Ì %��~ p ² «�
ë £�²³ Ù�´ ±H¢£� �E�Ä ¨I«G© ¢¦´ ~ Ì %��~ p ² « 1 p ² ¨ §K]5À2� ª

µ����0�l�µ¨Eãª© « Ê Í q Ê Í ~ �k¶ § q ¨S~ � ª q ¯°�O± ~ � ¢£±5�l��� ���A�l¢C�°�A�Ø�u¤O �¤�ÂA�0�u¤OÄA� Áä�A±l¢Q�u¢¦�A�2¤O��¸%¨I«¬©þ�u�¡�ÂA�0�H�l¢£¯�¤J ¶¤�ÂO�°�u¤JÄA��Áä�A±l¢Q�u¢¦�A�rÀ·8®�O�l�å�l���1�H�°±ih� ¦�j¢£±Ç�H�° T¤L�u�°¸��u�¼�u���å�AÁä�°��¤O��ÄA ¦�åºØÅ�±l¢¦� ��~ p ² ³���0��¯°�ö £¤O�lÄO� ��~ �l�°±ih� ¦�l±®¢¦�êºä�0�H�u�°�æ±l�0��±l¢Q�u¢QÂ»¢Q�*ÅAÀæ���A�f�*µ¬��[*±H�l�l¢¦ÁA�¸�ð� ³ ��~ ¯�¤J��ºè�¹h�Áê�l� 1 ³�u�¡�°�l�Î´M�A�l�5¢¦�¶¯�¤O�}ºä�5¥å�A�H�®±H�°��±H¢¦�u¢QÂA�5�l��¤O��´M�\h��>[Û±H�u�H¢£Áº�¸�ð��¸��»�0±¬¢¦��¸��Î�u�°¯Î�u¢¦��Ä��u�¡�þÁè�O±l¢¦�l¢£�A��O´ù�u���Çºä��¤O¥çÀ]¬�A¥öº�¢¦��¢£�¡Äö�u���í´M�Gh��f±H¢£ÄA��¤O £±�¤O±
i¡§ ~ Ì ª9 i¡§ ~ Ì  1 ª ëci¡§ ~ Ì  1 p ² ª ëci¡§ ~ Ì  ß 1 p ² ª�« ë ²¢�1 Ý o Í q o Í ~ ��¶ § q ¨�~ � ª¤ Ëq � . t ²²Jv¹ë � § q Ý ª�£

�¢¥ Ä ¯°�O±©§EïAv¹ë&² ª § ~ Ì ë ~ � ���~ p ² ª ±H¢£�r§�²Jv¹ë � ª>��~ Ñ §K]5À24 ª



�_�¬» f � ` ú��äø " ÷ ÓsrÛÔ õ  5öý!", t õ Ó ú-�©úMõäø%b õäø ú-�Èõ Ô
Y5ÄA¤O¢£�LjJ�°�°Á¡¢£��Ä1�A�� ¦Å1�u���í×��H±H���u�0�l¥ ³ �A���ÇÄA�Î�u±

i¡§ ~ Ì ª9 i�§ ~ Ì  1 ª ëzi¡§ ~ Ì  1 p ² ª ëzi¡§ ~ Ì  ß 1 p ² ª; ë ïG�1 Ý�¼ o Í q o Í ~ ��¶ § q ¨S~ � ª q Ä ¯°�O±©§�² ~ Ì ë&² ~ � %��~Aª ±H¢£� ��~ Ñ §K]5À�� 
Aª
Õ9�0�H�u¢£�¡Ä ~ Ì %��~ p ² «�
 ³ �A�¡�j�Oº¡��¤O¢¦��±
i¡§ ~ Ì ª9 i�§ ~ Ì  1 ª ëci¡§ ~ Ì  1 p ² ª ëci�§ ~ Ì  ß 1 p ² ªQ; ë ïG�1 Ý�¼ ±l¢¦� ��~ §|¨Eã Ä ©�ë½¨I« Ä © ªÎ¨ §K]5À��d� ªµ����0�l�6¨Eã Ä © « Ê Í q Ê Í ~ �k¶ § q ¨�~ � ª q Ä Þk¾¢¿ ~ � À��f���0�l�Î´M�A�l�ç�A���¼ÄA�Î�u±Ã�u���ç¢£�»´M�A�l¥1¤J�u¢¦�A���J´5�u�¡�¥å�A¥1�0�Ø�u±f�O´ù�u���Çºä��¤O¥ ³ ¤O�¡¸ç�l���°�¼�u���Ç�0¥1¢Q�l��¤J��¯°�í¯°¤O�;ºä�í¸��0¸Wh�¯°�0¸ê´M�l�O¥Æ�u�¡¢£±f�l�0±|h� Q��ÀÀoh��Ã�u�¹�u�¡�å¯0¢£�H¯3h�¢Q�í¯°�A�¡���°¯Î�u¢£�O� ³ �u��� �l�°¤O �±H¢£ÄA��¤J ?´M�l�A¥g�u�����¸�ð� ¢£±þ�l��� ¯°�A¥öº¡¢£��¤J�l¢£�A��O´f�l�����A�H¢£ÄA¢¦��¤O w¤O�¡¸z�u���1�l�0�u¤O�l¸¡�°¸c�l�UÁ��°¯Î�u¢¦�A�c±l¢¦ÄA��¤O  ³ µ���¢¦¯��c¥�¤¢jO�°±·�u���}¸�¤J��¤êÁ¡�l�¯°�°±H±l¢¦��Ä¯°�O¥1Á� ¦¢£¯°¤J�u�0¸rÀXÂ��0´M�°�f�l� � ß¬� � ´M�A�f¸��0�u¤O¢£ ¦±°À



5zÃk5sÄ§Ã?Å�ÆLÇ s t�� È ���(É

� Ê?� ËXÊeÌÍdÏÎOÐÒÑ ÓÕÔ

� � � �®�0�lºä�°�H�{ÖÇ�O £¸�±W�u�°¢¦� ³ ]¬ T¤O±H±l¢¦¯�¤O 8�;�0¯���¤O��¢¦¯°± ³ Y5¸�¸�¢¦±l�A�([�×��°±l ¦�0Å+���l�0±l± ³ l*��¯OÀE] ¤O¥öº��H¢£¸�ÄA�ï8² ³ �;¤O±l±0À ³ Áò²Jï"� ³ ��4¬���8§KØ{YÙ� 
 �1À2Ö �Øª
� ² � ��Ào�¬¤O¢ ³ �0��¤O +À ³ ���ØÅ»±0À{Â��0ÂäÀ{Ú ³ � � ³ �G
G
 ²�§q�?4\4¬� ªUÛ ��À{� ¤O¢·�0�2¤O +À ³ ���ØÅ»±0À¹Âæ�ÎÂèÀ5 £�0�H��À� 
 ³ ï � �Oß�§q�?4G4\� ª À
� ß �ÝÜ ÀÁ�¯°�O�H� ³ �0��Àð¤O  ³·Þ ÕC¤O��¸�¤\hßÀí¤J¥1Á�¢¦��Ä�µ�¢¦�u�(�*µ¬�¢[Û¸�¢£¥å�°�¡±l¢£�O��¤O jºè�Î��¤J�l�l�A� �|h����c±HÁ��l�°¤O¸ ÞQ³]¸Ú�Âà8��¡Õá[�4 � [>���{YÙ�æ§q�?4G4 �Øª À
� ï � l�ÀÁ��À2âÇ¤OÁä¯���¢£�¡±|j8¢±ã ³åä À:Y·À:�ù�°Á¡ ¦ÅØ¤¢jO�ÈÂ ³ ���l¢¦ºrÀ,�ù�3j8�rÀ�ÚXj±HÁrÀ ³ ��4¬� 
 ³ §Eï ª ³ �R�?4»À� � � ÂjÀ:ÀöÀ:âÇ�O��¤\h�Á¡� ³{æ �»¢¦��ÄA ¦�	�¬��¤J¥ l*��±W��¤Oº�¢¦ £¢Q�u¢£�0±1¢¦�çÀéè{Â�lq� ÞQ³ l�Ú�Ú�ÚÒ�ù�u¤O�¡±°À^8àh¡¯° �À��»¯°¢+À ³8l�![.²A² ³ Á�ÁrÀR��ï¬� � [z�°ï!�G� ³ �?4¬�\� Ûuê ÀÍ�·À2]¬��¢¦� ¤O��¸%âÃÀ ê �\jO�ÈÅØ¤ ³àæ ÕC¤O��¸�¤\h7Àí¤J¥1Á�¢¦��Äé�O´5¤

�+h� Q�u¢ë[��¡h���¯��6l*��±H�u¤Oº�¢£ ¦¢¦�*Å2¸Wh¡���u�	�uh���¯��*[��u�g�¡h���¯��O�ìh������Á��l�°¤O¸ ÞQ³ À{Ú�� ê ³ Â��°Áä�A�W�8®��ÀW� � [ 
 4¬� ³ Yàh�ÄGh�±W���?4G� � À
� �¢� �èÀÉ�¡¤\jL¤O��¤\jL¤`�Î�]¤J �À ³çæ ]¬�A��±W�u�ih�¯0�l¢£�A�Ï�O´Y¤O�íÂ®� Øoh�¤O¸¡�|h�Áä�A £� �ê¤OÄA���Î� ´M�A���*h�Á([Á��l�0±l±H¢£��Äî�ù�u¤O�¡±HÂA�0�l±H�9]¬�Gh¡Á� £�0¸*[��¡h¡��¯��ßl*��±H�u¤Oº�¢£ ¦¢¦�l¢£�°± Þ¦³ ���l�¯OÀ5�O´·�?¤O�W��ÀÙY®¯°¯0�OÀ¹]¬�A�¡´.À

�?4G4"� ³ ÁÇ���Aß � ³ �?4G4"�OÀ
� � � ä À ä À:Àí¤O��¢¦ £�ÈÂ ³ ���ØÅ»±0À�Âæ�ÎÂèÀ��(�ïY5¯0¯°�° +À_�¬��¤J¥1±�� ³ 
 ï��Èß 
 �8§q�?4\4G� ª À
� � � �íÀ2Ú���¸¡�ö�0� ¤O �À ³ ¢£�����H�»¯JÀ»�O´EYo�ªY�] ³ �f±|håj(h¡º�¤ ³ �?4G4\� ³ Á	Àðï � � Û â À"�¡¤J�l���Î�f¤O +À ³ ¢£�º���l�¯OÀ8�O´Ú��ªY�] ³ �»�O�l¯�j�¡�A £¥ ³ �?4G4\� ³ Á	À��ÈßOß 
 À



�_�(� 5zÃk5sÄ§Ã?Å�ÆLÇ�ð�tÝñ È
� 4 � �íÀ_�®�0±|h�ÄA¢ ³ ���ØÅ»±0ÀáÂ��0ÂäÀ��*�òY5¯0¯°�° +À_�¬��¤J¥1±�� ³ 
 ïAï8² 
 �Ø§�² 
G
 ² ª À
� � 
¢� Õ�ÀàÕ�À2ÖÇ�A  Þ ¸¡¢£� ³ôó l*�ØÂA�0±H�u¢¦ÄØ¤J�l¢£�A�2�O´æ¤êºä��¤J¥Ï�J´�¯���¤O�lÄO�°¸cÁ�¤O�W�u¢¦¯° £�0±·ºØÅ�¥1�°¤O��±·�O´�Á�¢£¯�jG[�h�Á�° ¦�°¯0�l�l�¸��°± ó�³ l*��±H�l�|h�¥å�°�Ø�u±®¤O��¸+Ú�õ»Áè�0�l¢£¥å�°�Ø�u¤O E�ù�°¯�����¢¦É!h��°± ³ Á�Á	À��\� 
 [��\�Oï ³ �?4 �G� À
� �d� � ÂjÀ©�jÀi�;¢£ ¦ £�°�9�Î��¤J �À ³ ���l�¯OÀô�©²©�u�¹l*�8�°ÀG]¬�O�¡´.À¢èí���®¢¦ÄA�ÝÚ����0�lÄOÅ¹Y®¯°¯°�0 £�0�u¤J�l�A�l± ³ §+���0�l¥å¢£ T¤Jº ³�?4G�Aß ª ³ Á	À �G
 ²�§q�?4\�Aß ª À
� �©² � ���l¢¦ÂJ¤J�l�í¯°�A¥å¥zh��¡¢£¯�¤L�u¢£�O��µ�¢¦�l��Y®��¸��H��¤O± Ü ¤O��±H±l�A�	À
� �Èß � �èÀ Ü ÀåÂ^h�±l±H�° ¦ è�Î� ¤O ?§+ÕyYÙ85Õ ª Þ ]¬��¤O�l¤O¯0�l�°�H¢���¤L�u¢£�O���O´&�¶��¤O¥ö� �O±l¢¦�l¢£�A�L�;�A�Ø�u¢¦�A�l±w´M�A���;��¤�[±|h��H�°¥å�°�Ø�¶�O´J�»�0¯°�A�¡¸E�;�A¥å�°�Ø� ÞQ³ �w�H�»¯JÀ(�?¤O�W�u¢£¯0 £�^Y5¯0¯°�0 £�°�l¤J�u�O�¡]¬�O�¡´M�°�H�°��¯0� ³ Àí¤J £ T¤J± ³ �¸÷ ³

�?4G4¬�À
� ��ï � �èÀ Ü À2Â^h�±l±H�° ¦  ³ Â��0ÂäÀ��O´N�»¯°¢+À,l*��±H�°À�� 
 ³ ² ³ ÁÇ�Èß � ²¡§q�?4G4\4 ª À
� ��� � �¬ÀÉ��À,�¬¢¦�°��¢¦�A±l�kj��0�æ¤J �À ³CÞ �;��¤J±|h��H�°¥å�°�Ø�®¤O��¸�Âæ�0¸Wh�¯Î�u¢£�O�ç�J´XØoh�¤O¸¡�|h�Áä�A £�Ùl*��ãH�°¯Î�u¢£�O�µèþ±�[¯°¢¦ £ T¤L�u¢£�O��±¶¢¦�¹�u���j���°�H¥1¢¦�� T¤OººY5�Ø�u¢¦Á��l�O�l�A� Y5¯0¯3h�¥zh¡ T¤J�l�A� ÞQ³ ���l�¯OÀ,� ¤O�H�l¢£¯0 £�{Y5¯0¯°�0 £�°�l¤J�u�O�]¬�A�¡´M�0�l�°�¡¯°� ³ Àí¤O ¦ T¤O± ³ �¸÷ ³ �?4G4¬� Û
� � �¢� Y�À Ü ¤O±l�O�ê�0�5¤O +À ³yÞ Yø8æ�A�*[*¢¦�ØÂO¤J±l¢¦ÂO�à�»¢£��ÄO £�U[��¡h���¯��ù�ê¤J�l¯���¢£��Ä�¤O��¸µÚw¥å¢¦�H��¤O�¡¯°�à�;�A��¢Q�u�A�´M�A� �u�¡�Ý]¸Ú�Â�8ß��� � ¤O±H�°¸ç�A�µØ{h�¤O¸��|h¡Áè�A ¦�é��¢£¯�jG[�h�Á¡±°À Þ¦³ ��Y�] Þ 
 � ³ ]¬�¡¢£¯�¤JÄA� ³ ² 
\
 �AÀ
� ��� � ��À_Ú� £ ¦¢£±l�O�#ùUú¸û\üëý ³ �w�ØÅ±°ÀªÂ��0ÂäÀ_Ú É_þ ³ ï 
 ���1§q�?4G4Jï ª À
� �?� � Õ�ÀÉ�jÀ:�f���O¥�¤O± ³ ����¢£ +ÀÁ�;¤OÄ�À�ß ³ �8§¯�?4Ø²G� ª�Û
� �?4 � ä À,�¬¤O�lÄA¥1¤O��� ³ Õ�À®�;¢£¯��¡�°  ³ ¤J��¸ ä ÀàÕ�ÀW�ù�° ¦�°ÄA¸¡¢ ³ ���ØÅ±°ÀªÂæ�ÎÂèÀòÕ9�Î�l��Àä² ³ ïØß¬��§¯�?4¬�\4 ªUÛ
� ² 
¢� �¬À2ÿ?À,âí��¢T¤O�H¢ ³ ùUú¸û\üëý ³ �w�ØÅ±°ÀªÂ��0ÂäÀ $���� ï!�¼§q�?4G�\4 ª À
� ²�� � �èÀ ê ÀwÕ9�°� ³��������
	��� û�� ����� û ������� û�¬ù ������������������ ú ���� �Î³ §�×��A�l ¦¸ �¯°¢£�0�Ø�u¢¦×�¯+�Xh�º	À]¬��À ³ �»¢£�¡ÄØ¤OÁä�A�l� ³ �?4G4¬� ª



5zÃk5sÄ§Ã?Å�ÆLÇ�ð�tÝñ È ��� !
� ²A² � �»�°� ³ �OÀÖÄ�À ³ �èÀ ê À¹Õ9�0� ³"� ý�#%$&(' ��� ùUü�ù � û\ú ��*)+���,�-����� §-×��A�H £¸L�»¯°¢¦�°�Ø�u¢Q×�¯ ³ �¢£��ÄØ¤JÁè�A�H� ³ �?4G4G� ª À� ²Oß � ��ÀªÚw ¦ £¢¦±l�A�¼�0�þ¤O �À ³ ���8Å±0ÀyÂæ�ÎÂäÀ	Õ9�0�H��Àá� 
 ³ �\4"�8§¯�?4G4Aß ªUÛ ��À��ÅÁ����°�H±í�0�þ¤O �À ³ �w�ØÅ±°ÀáÂæ�ÎÂäÀ £�Î�l��À¬��� ³ ���?4�§¯�?4G4Aß ªUÛ �jÀ���h�¤O��Äj�0�¶¤O +À ³ ���ØÅ±°À*Âæ�ÎÂäÀ*Ú�ï¬� ³ ï � �\��§¯�?4G4Aß ª�Û¢ê À¬×�¤O��Äj�0�¶¤O +À ³���8Å±0ÀªÂ��0ÂäÀ_Ú�ï¬4 ³ � � � 
 §¯�?4G4Oï ª À
� ²Jï � ä À:� ¤O ¦ºè�kjO�ÈÂ ³ Þ �ù�0ÂJ¤J�l�l�A��Õ9�A��ÄO¢¦�Sh¡¸�¢£��¤J §l*�¡±H��¤Jº�¢£ ¦¢¦�*Å Þ¦³ �Q8àY5Õ�¢¦�8�l�°�H��¤O |�l�°Áä�A�W� ³ èþ¯0�°Àðï ³² 
G
 ²À
� ²G� � ä ¤O £�0�l¢	ÕC�0ºè�0¸��0Â ³ëÞ �ù�0ÂJ¤J�l�l�A�µ�?¤O±ij¼���A�l¯0� ÞQ³ �R��� ³ YÙY�] ³ ���0ºrÀðï�[ � ³ ² 
G
 ß Û� ² �¢�ÝÜ À2ÀöÀè����õ2¤O��¸Z�ùÀy]¬�A�H�l�0¸��Gh��l¤ ³ ¢£�ê�l��� ).���,� ý0/.1 ����� ù|û �2) û � úIý3' ��� ùUüëý*4 ��65 ý ³ ÁrÀN� 
 �¢4§��»Á¡�l¢£�¡ÄA�°��[ ä �°�H T¤OÄ ³ �æ�°¢£¸¡�° £ºä�°�HÄ ³ ��4G4Ø² ª�Û ÀöÀrÕ9¢?�Î�Ç¤O +À ³ �w�ØÅ±°À&Â��0ÂäÀyÚ »ª@ ³ � � ßG��§q�?4G4Oß ªUÛÀöÀ2ÀöÀ¬] ¤\h�±l±WÅ�}�0�¬¤O �À ³ ¢£� �u�¡� ).���,� ý ) û � úIý�' ��� ý04 ��65 ý ³ ÁrÀ»²\41§al�Ú�Ú�Ú ³ ��¢¦±l¯�¤L��¤�µ ¤�Å ³ 8 Ü ³

�?4G4Aß ªUÛ ÀöÀ�ÕC¢9�Î�®¤O �À ³ 8�h�¯° +À,l*��±H�l�|hrÀ��;�Î�u���¸�±�Y �_�W» ³ ² 
 �¹§q��4G4¬� ª À
� ²G� � ��À_� ¤O¢ ³ �Î�5¤J �À ³ ���ØÅ»±0À2Â��0ÂäÀÉ�*�ßY5¯0¯°�° +À2�¶��¤O¥å±æß ³ 
\� ï 
G
 �Ø§�² 
G
\
Øª À
� ²\� �ÝÜ À2Â��A±H±lº�¤O¯�� ³ ¢£� )7���,� ù�ù ������8� �95 :<;>=?=@= =A� ú�ù �A� û\ú ���� û\ü B ���DCù|û � ' ��� ùUü�ù � û\ú �� 4 ��65 ù � ù ��� ù ³ Õyl�8àY�]§[�4 � ³ µ¶�°º ¤O¸�¸��H�°±l±FE�Ø�l�uÁ�EHG�GL £¢£��¤O¯�4 � ÀÖµ¶�°ºrÀÖ¯°�0�l�rÀÖ¯���GOÕ9¢¦��¤O¯�4 � G\���l�¯°�0�°¸�¢¦��ÄA±�G��eh��0±l¸�¤�Å G¢�^��� 
 ß%G\� ¤OÁä�°�°ÀÖÁä¸¡´
� ²\4 � ² 
G
 ��Âæ�0Áè�A�W�Ã�A�z�l���L8®��õ�åÕC¢¦����¤J��]¬�A £ ¦¢£¸��0� ³ �QÚ�Â{�+l.ÕyYÙ�§[>]¬�A�»´ [ 
 �k[ 
 �G��[�Ú ³ Õ&�¸8®Õá[ï!�\4AßG� ³ �¡ÕyY�]§[�Â [��G��� ³ �Ù]¸Â®Õá[�l�Àà[z��ïAï 
 �G�»À
� ß 
¢� ��ÀôY5ºä�¢[�� ¤¢j� ³ �Î� ¤O �À ³ �w�ØÅ±°À¢Â��0ÂäÀLÕC�Î�l�°À¢�\� ³ ²G�Jï¬� 
 �8§�² 
\
 ² ª ³ ��À:Y®ºè�¢[�� ¤\j8� ³ �0�?¤O +À ³ ���ØÅ»±0ÀÂæ�ÎÂäÀòÕC�Î�l�°À_4 
 ³ 
 4Jï¬� 
 �8§+² 
G
 ß ª À
� ß"� � âÃÀÁ��Àð�,h���Ä ³ �0�®¤O �À ³ ���ØÅ±°À:Âæ�ÎÂèÀÉ�*� Y®¯°¯°�0 �À:�¬��¤J¥1±æß ³ � 
G
 � 
 �8§�² 
G
G
Øª À
� ßØ² � ×�À_Ö{h�� ³ �èÀ ê ÀäÕ9�°� ³ ���8Å±0ÀªÂ��0ÂäÀ_Ú � � ³ 
G�G� � 
 ��§�² 
G
 ² ª À
� ßAß � �èÀ ê ÀðÕC�0� ³ Y®¯°¯°�0 £�0�u¤J�l�A���w�ØÅ±l¢¦¯°± ³�IJ�� ü �K�L�-� ù � ú � MN�Î³ Á�ïØ²A²»À



�_�(@ 5zÃk5sÄ§Ã?Å�ÆLÇ�ð�tÝñ È
� ßOï � Y�À��®�O´M¥1¤O����¤O��¸?�èÀÇ�çÅA�0�l± ³ ¢¦� ).���,� ù�ù ������8�O�95 ú � ùP$%$\ú ��=-� ú�ù �A� û\ú ���� û\ü.4 ��65 ù � ù ��� ù

��<Q��R8� / � ù �S8�� ' ��� ùUü�ù � û\ú ����Î³ �?4G� 
 À
� ß¬� � ��À¢ÖÇ�0�A�lÄO±l±l�O� ³ Y·À�Y5��¸��0�l±H±l�A� ³ ¤O��¸^��À¢Ú��H¢�j8±l±H�A� ³ 8�h�¯° +À�l*��±°Ài�;�Î�u�rÀ�Y�ï�� � ³ ï � ��§¯�?4G4G� ªUÛÜ Àô��À¬�|Å»�H¸ ³ �èÀ¬Àþ�£�¡¤J�8�l¢£± ³ ��À!Öí�°�A�HÄA±l±H�A� ³ Ö Àd��u�ÈÂO�°� ³ Ü À¬ÀöÀO�ò��õ ³ ¤O��¸�ÀöÀ\�ù�0Å8�l�° £¥1¤O� ³8àh�¯0 �ÀWl*�¡±°À��;�Î�u�rÀ,Y ï!�\� ³ ²\���8§�² 
G
G
Øª�Û ��À�Öí�°�O�lÄA±H±l�A� ³ ÀöÀ,âí�u¤O¥å�°� ³ ×�ÀWY®��¸��0�l± ³ ¤J��¸ Ü À

��À_�¶Å�l¸ ³ 8àh�¯0 �ÀWl*��±0À��;�0�l�rÀ,Y�ï � 4 ³ ß¬�Oß�§+² 
G
 � ªUÛ À
� ß �¢�ÝÜ À|ÕC�+Àohån ³ ¢¦� ).���,� ù�ù ������8�T�95 ú � ùU4V/XWZY[' ��� ùUü�ù � û\ú ����L���D�,� ü\& � ù ������ ' ��] û ��� ù �

' ��� ùUü�ù � û\ú ��^)X���,�-����� 4 � 1 ��� ù ³ �¬�°�H £¢¦� ³ �?4G�¬� ³ Ú�¸�¢¦�l�°¸�º8Åå�èÀ9�|h��l���0�È§K]¸Ú§Â�8 ³ ÖÇ�0���0ÂJ¤ ³
�?4G�G4 ªUÛ ]¸Ú�Â�8ßÂæ�0Áè�A�W�à�G4�[ 
 � ³ ÁÇ�v�?4¡À

� ß¬� � ��À±×��0��¸¡�ö�Î��Àù¤O  ³CÞ �¸�ð� Â���¤J¸*[*�Gh»�zÚ� £�0¯0�l�A�l��¢¦¯°±¹� ¤O±H�°¸z�O���u�¡�º�¬�H�Ø¤O¸�º�¤O��¸6Yl�TG\�ð�8®�A¥1¤O ¦¢���¤L�u¢£�O�L�»¯��¡�°¥å� ÞQ³ Àol���Y�] ² 
\
 � ³ Úð�åÂæ� ³ Öí�l�°�¡�Aº� £�JÀ



_T`�aba*c@d7`feg`�h i
c9j3k*l
m nporqsortfuwvyxfz

{}|3~��������F��V���\�\�Z�V����A�N��S�-�f���A��
���\�6�-�N����A�S�F���,{}�T�6���F���
�"�r�(�������� ��F�F�� }�,�?¡F�¢¤£p¥§¦r�@¨
©��§�A�\�(�gªD«¬¯®�°±�²�³%´F²HµA³¯µ�¶·«@´®

¸K¸K¸¹�º�»S»\¼D½ ¾-¾�¼�ºF¼D¶ ²�³�´-²HµA³¯µ�¶·«@´¯®A¾6¿.ª�«�¬�®�°�¾

ÀJÁ xfÂgÃ3ÄÅo9z7t
ÆÈÇ�ÉËÊgÇ�Ç ÌÎÍpÏFÐVÊ Ñ�ÒÔÓ,ÕgÖ¤Õg×gÕgÖ�ÐVÒ�0ØLÙ:À^ÙpÚSÛ%G 
�Ü%Ý Y�Þ�ÞFß�àáß�â�ãä�å�â��0Ø%æ"ç?è(ÞFç lêéÅëÅè(ã�éDã��*éÅèRì�ßFâ@ç@èRäêæ�í_�7àáå"å�îOèáéÅï�ä�å�é

ðUÙ�ñ>ÙpÚ � G�ò ��Ý Y�Þ�ÞFß�àáß�â�ãä�å�â��0Ø%æ"ç?è(ÞFç lêéÅç?ä@èáä|h ä�ß�å�óËð<å�ëÅß�â?éµ�0Ø%æ�ç@è(ÞFç�íª]7ØÅèáéDã��Ù�ñ>ÙgÚ � G�ò Ü%Ý �+Ø%æ�ç@èáÞ�ç 8�ã�éåj¯ã¯è&�*éÅèRì�ß�â?ç@èRäêæ�í�]7ØÅèáéDã
ô�õDz.öAnÔ÷ ÷ orz.tfø+ù Àûú�ü nÔõ�o9nptfÂgn�fñ �3ã�ârä�èáÞ�à(ß{Y*Þ�ÞFß�à(ßFâ�ã¯ä@å�âbñ"Þ�ØÅå�å�àSí�ñ ã�é%ä�ã��Nã�â?ýDã�â@ã í_]¡YsÚÿþpß6ã�Þ�Ø è(éÅï�Y�ç?ç@è(çrä�ã�é%ä�í � G�� Ü%Ý

lêéÅëÅè(ã�éDã��*éÅèRì�ßFâ@ç@èRäêæ+].æ�Þ�à(å¯ä�â@å�é���ã�ÞFè(àáèáäêæ�ÚKÂZß�ç?ß6ã�â?Þ�Ø�Y*ç@ç?å"ÞFè¤ã¯ä@ß�íDÛ%G¯ò�òÝ[��Åâ@ßFç@ß�é%ä Ý
��� o9÷ ÷"npõ Ä ø3ÄÅorz.t
	 ØohDã�ë â|h���å�à(ß ðûå"ëÅß���ß�âräShÅâ?ýDã¯ä�èáå�éKè(é<ñ�ä@å�â�ã¯ï�ß¹ÂbèáéÅï�ç�Ù

lêéÅç?ä@èáä|h ä�ß�å�ó�*èáï�Ø�Ú+é ß�â@ï¯æ��+Ø%æ�ç@èáÞ�çFíá]7Ø è(éDãDÚaÂbßFç@ß�ã�â@Þ�Ø+Y�ç@ç?è(çrä�ã�é%ä6í���G�ò��Ý[.Û%G�ò�ò Ý
� ôUõDz��"nÔÂ�Ä�	�� èáéDã�ÞéÀfß�ç?è(ï�éKó}å�â^�0â?å�ä�å�é�þ§ØÅßFâ�ã��%æ�Ù

lêéÅç?ä@èáä|h ä�ß�å�óËð<å�ëÅß�â?éµ�0Ø%æ�ç@è(ÞFç�íá]7ØÅè(éÅãDÚKÂZß�ç?ß6ã�â?Þ�Ø+Y*ç@ç@å�Þ�è(ã¯ä�ß¯í���G�ò Ü [���G¯ò�� Ý
����� nÔ÷Åo9÷�	 ]¡hÅâ?â@ß�é%äo]Nã�à(ÞkhÅà¤ãä�è(å�é å�ó3ã�é+lêç?å"Þ�Ø â@å�éÅå\hÅçà].æ"ÞFà(å�ä@â@å�é�Ù

��� ô<ø0õ ÄDo9ÂÔù9n! ÂgÂgnpùrnÔõDø3Ä z.õ"�bÂ � zZz7ù�fñå��#�ñ�$���� Ü ã¯äà�Nãä�å�é�ÂZåGhÅï�ß¯í%�DåGhÅâ?ä@Ø+Ö�ßFéÅß�â@ã¯ä�èáå�é � èáï�Ø%ä*ñ"åGhÅâ?Þ�ßFç�ã�é ë���Ú �



Ü å�è(é%ä&#*Þ�Þ�ßFà(ßFâ�ã¯ä@å�â*ñ"Þ�ØÅå�å�à'$���� Ü ãä � å�é ï·�.ß6ã�Þ�ØLí
� è(éDã�Þ�èáç@çihÅß�çFí)(7å�ØÅß�â?ß�é%ä�ñ�æ"é Þ�ØÅâ@å�ä@â@å�éµÂ*ã¯ëÅè¤ã¯ä@è(å�é

�fñå��#�ñ�$����*$^ã¯ä ê ã�àáß{�*é èáì�ßFâ@ç?èáäêæ�í+(7å�î��Wh ä�ã¯ä�èáå�éDã�à>ß�àáß�ÞFä@â@å�îOã�ï�é ßFä�èáç@î

�fñå��#�ñ�$����*$^ã¯ä � å�éÅï��7ß�ã�Þ�ØLí_�0à¤ã¯ç@îOã��0Ø%æ�ç@èáÞ�ç
�fñå��#�ñ�$����-,�ã¯äà�béÅèáì�ß�â@ç?èáäêæKå¯ó.(7å�àáå�â�ã¯ëÅåÅí
,�Ù�Â/� ã¯éÅëTðûè(Þ�â?å10Nã6ì�ß þpß�Þ�ØÅéÅè32!hÅß�çbó}å�â4#�ÞFÞ�ß�àáß�â@ã¯ä�å�â?ç�í
$"Ù��7ß�ã�î5(7å�é%ä�â?å�àÔã�éÅëJðJã�é è6�WhÅà(ã¯ä�èáå�éLÙ

�fñå��#�ñ�$����-,�ã¯äàÂZè(ÞFßé�*éÅèRì�ß�â?ç@èRäêæ�í � è(ß7#*à(ï�ßFýÅâ�ãPè(é8#*Þ�ÞFß�à(ßFâ�ã¯ä@å�â��0Ø�æ�ç?è(Þ�ç
�fñå��#�ñ�$������Pã¯ä�ñ�ä@å�é%æ �7â?å"åGj�í�#*Þ�ÞFß�à(ßFâ�ã¯ä@å�â��0Ø�æ�ç?è(Þ�ç

ôUx79�ù?o9Âgø3ÄDo9z.t;: o9÷�Ä

,�Ù ê hîØfè(éÅï�Þ�ØDã�éÅï ã¯éÅë%×Uß�èáîOèáéÅïNÖ{hÅåÅí
<?þ§ØÅß=�Då�Þ3hÅç?è(éÅï6�0â@å���ß�ârä�è(ßFçÈå�ó�ã�é7lêé�ã?ßFÞFä@å�âÂ/�eØ ó *èáï�Ø�Ú0éÅß�â?ï�æ �0Ø%æ"ç?è(ÞFçfã�éÅë?>�hÅÞ�àáß6ã�â��0Ø%æ"ç?è(ÞFç,Úÿèáé=(7Ø è(éÅßFç@ß Ý íDì�å�àSÙ@$ Ü Ú Ü%Ý ,,ò�ò�ò Ù
$"ÙL× ßFè(î è(éÅï+Ö{hÅåTã¯éÅë ê hOØfèáéÅï�Þ�ØDã�é ïÅí7<?þ§Ø ß�Àfß�ç?è(ï�é ñ�äSh ë æ�å�óZã=�A,CB�ðD���Â/�eØ ã¯çlêé�ã?ßFÞFä�å�â å�óZãµ�+â?å�ä�å�é þ§ØÅßFâ�ã��%æ � èáéDã�Þ ó íEbè(ï�Ø6Ú+é ß�â@ï¯æN�0Ø%æ�ç@è(ÞFçPã�éÅë�>àhÅÞFà(ß6ã¯âÝ�0Ø%æ�ç@è(ÞFç,Ú}è(é

(7ØÅèáéÅß�ç?ß Ý íDì�å�à�ÙF$GB�Ú Ü%Ý $������ Ù

Ü Ù�×Uß�èáîOèáéÅï ÖéhÅå ã�éÅë ñ>Ù ê Ù � ßFß�í.<rþ§ØÅß{ØohDã�ë â|h���å�à(ß�ð<å�ëÅßbþVâ@ã�éÅç?ó}ßFâH�,hÅéÅÞ-ä�èáå�éÈã¯éÅëÈä�Ø ß
>*å�éÅà(èáéÅß6ã�â§ðJã¯ä�Ø è(ß3h�lêéÅçrä�ã�ýÅèáà(èRäêæ ó íW�0Ø%æ"çFÙ¡ÂZßFì�Ù§ÚI�*J�í%�����*JG�*JÅÚK$G���*$ Ý Ù

BÅÙÙ×Uß�èáîOèáéÅï�Ö{hÅåKã¯éÅë�ñ>Ù ê Ù � ßFß�í&<i�¡hÅéÅÞ�ØL(7å�î��Åâ?ß�ç@ç?è(å�é¹èáéAÚ0à(ßFÞFä@â@å�é�ñ�ä@å�â�ã¯ï�ßzÂZè(éÅï�ç ó íä�å ý�ß�ç|hÅýÅî èáä?ä�ßFëLÙ


